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SECTION 1 
GENERAL DESCRIPTION 


Thig manual contains the specifications installation infor- 
mation mnemones ists mamtenance data. and theory of 
operation for tne option beard Depending on the system 
configuration, the option board contains sorne or ail of the 
tollowmng features 


- Gammon logic 
> 1 © Control logic 
« Tetetype controler (TC) 
Keyboard display terminal controller 
> Power taiure restart (PF FR) 
+ Pleal-tirne clock (ATC) 
- Memory protection (MP) 
« Memory parity ‘ogi¢ 
« Prionty memory access (PMA) (see note) 


Note PMA cannat be added in tne fieid 


1.1 FUNCTIONAL DESCRIPTION 


Tre V70 Series option board contains mainframe features 
for the SPBARY UNIVAC V70 Series Computer Systems 
Tapie 1-1 lists tte tine available option Board configura 
tions togetmer with Current requirements for eacn -SV dc 
operating voltage The current requirements for tne -12V 
de ang -24V ac operating voltages are ligied in taple 1-2 
ang are tne same for ail configurations 


F-gure 1-1 1§ a Black diagram of the option board and its 
interfaces Communica:'or detween the option soard anc 
the processor Doard 's inroug™ tne common logic Bulfer 
repowering in tne common logic reduces the [oad on the 
processor | © Sus and aiso reduces the numoers of 
integrated circuits (IC) required for tne options The 
e-ocessor | O controt section which 1§ located on tne 
-oton board +s ascussed in tne V70 Series Processor 
Manual 


1.1.1 Teletype Controlier 


The Teletype controlier (TC) 1s a control and interface 
device for data transfers Detween the processor board and 
a Mocet 33 or 35 Teletype Oata is transferred between 
the processor board and the TC in 8-o1t oytes over the 
1 bus under either interruot or sense control Data is 
transferred between the TC and tne Teletype over a serial. 
asyncrronous, full dupiex intertace. 


Note The keyooard’ display terminal (CRT) uses the same 
contratier (with minor modification) as the Teletype 
Througnout this manual. ail references to Teletype 
(TTY) aiso pertain to CRT 


Table 1-1. Option Board Configurations 


Cantigurations Current 


= 


140 control logic 


2 Commen logic. 1.0 contra! logic ttem2-, {2 2 amps 
parity logic’ 

3 Common logic 1.0 control loge RTC 55 amos 
TG-CRT PF R | 

& Gormmen logic | C control logz Mere:, 15S amps 
parity logic’ RTC. 7C CRT PF R : 

! 

§ Commen logic. | O control logs Meme, 73 ames 
parity logic®. RTC. TC CRT PEFR ME 

& Common logic | O contro! logic “ers, 79 ames 
parity logic’. RTC CRT (onty: PF MD 

7 Common logic 1.0 contro! loge Memory 196 amos 
Parity logic’, RTC TC CRT PF OR PEA 

8 Common logic. | O contro! loge. Mewsry 120 ares 
parity logic*, RTC. TC CRT PF R MP PAS 

9 Cormmen logic | O contro! loge Memory 123 ames 
parity logic’. RTC. CRT (onty) PF & 
MP. PMA : 


"The memory parity iogic 1$ functional only when ine 
entire system memory 1s Comprsec of ogtiona: party 
core and Of parity semiconductor memory mosuies (16 
1%). 


1.1.2 Power Failure/Restart 


The power failuresrestart (PF R: protects Curing ioss or 
reduction of ac prime power the program im progress anc 
the contents of computer memery and registers Uoor 
restoration of power. the PF R automaticaily restar’: ‘ne 
computer and causes it to reenter the interrupted program 
at the point of interruption. 


Power reduction. failure or turn-off initiates a DOwer-down 
cycle during whicn the PF FR completes execution of tne 
current instruction and then interruots the processor 
directing it to the address of tne SAVE subroutine This 
service subroutine loads the contents of the volatile regis- 
ters (A. 8. X, P. and overtiow) into presetected addresses 
in memory. After the execution of SAVE. tne PF RA aisadies 
tne processor and memory until power is resiored 


When power is restored so that all power-up conditions are 
satistied, the PF/R enables the processor and memory, 
initiates the system-start signal. amd directs the processor 
to the address of the RESTORE subroutine This service 
subroutine reloads the registers with (he saved data. and 
contains a juMpP instruction that directs the processor to 
reenter the program at the point of interruption and 
continue execution. 


1] 


GENERAL DESCRIPTION 


1.1.3 Real-Time Clock 
The reaktime clock (RTC) provides the following reai-tirne 
functions: 

© Variable-interval interrupt 

® Memory-overtiow interrupt 

° Readable free-running counter 


The variableinterval interrupt has three preselectabie 
hardware timing sources: (1) a 10 kHz signal (standard 
uniiess otherwise specified), (2) line frequency from the 
power supply. or (3) a user-supplied external source. The 
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PRIORITY 
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PROTECTION 


MEMORY ACCESS 


software-salectable interval can Se anywhere in the range 
ane ta 4,095. 


The memory-overtiow interrupt. which operates in conjunc: 
tion with the Variable-interval Interrupt (VII), is imple 
mented by loading an increment-memory-and-repiace 
instruction into the Vil address. This is monitored by the 
ovarflow-detection logic, which triggers the mermory-overtiow 
interrupt when the contents of the variable-interval- 
interrupt are incremented to 040001. 


The 16-bit readable freerunning counter 13 continually 
updated and read under program control. Counter timing 
is Based on the lLOkrz-clock, the variable-interval interrupt 
rate, the line frequency. or a user- supplied external source. 
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Figure 1-1. Option Board Ellack Oiagram 
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1.1.4 Memory Protection 


Mernory protection (MP) prevents unauthorized or unin- 
tentional program access to. or modification of, protected 
areas of memery. 


Mernory is divided into §12-word segments, each of which 
can be ether protected or unprotected. Segments not 
Gesignated as protected are. by definition, unprotected. 
The protected/unprotected status of each segment is 
stored im the MP in four 16-ort mask registers that are 
loaded by I/O instructions from the processor, These mask 
registers can store the status of up ta 64 memory 
segments. 


The MP rnomtors the address of the instruction being 
processed. the address specified by the next instruction in 
sequence. and the address specified by the effective 
address Wsing this information and the status of the 
Stored segment, the MP determimes and operates on 
errors. 


When a program is executed in unprotected memory. any 
of the following operations consiitutes an error: 


* OQvertlowing into a protected segment 
« =Weiting inte a protected segment 
° =Jumping into a protected segment 


° Executing am 1/0 instruction in an unprotected 
segment 


° Executing a hait instruction im an unprotécted segment 


When the MP detects ari error, execution of the current 
instruction ig completed Fawever. if the instruction 
specifies writing or {/O operations, the contents of the A. 8, 
and X registers and memory are not modified Processor 
program processing 1s then interrupted and directed to one 
ot five preassigned memory addresses Frorn this address. 
the program is directed to a user written service subroutine 
for error analysis and correction. 


NOTE: By definition, an error cannot exist during the 
execution of a protected instruction even when it indirectly 
references an unprotected address. 


When the memory map option is instalied, memory 
protection 1s disabled. 


1.1.5 Memory Parity Lagic 


The memory parity logic generaies and checks parity for 
ali memory access. The parity check/ generator generates 
parity on memory writing operations, and checks it on 
reading operations. The parity contro! generates an inter- 
rupt request when a parity error is detected. The parity 
logic 13 functional only when the entire system memory ts 
comprised of optional parity core memory and/or parity 
semiconductor memory modules (18 bit). 


GENERAL DESCRIPTION 


1.1.6 Priority Memory Access 


The prierity memory access (PMA; 1s the interface (figure 
1-2) between memory and the four data-transfer channeis. 
The channels have hardware-fixed priorities. All signals 
transmitted om these channels are controlled by an 
interlock scheme that makes the interface independent of 
circuit and cable speed. This permits processing of data 
using & wide variety of transfer rates and circuit speeds. 


The PMA continuously seans the four channels and 
generates acknowledgments as required The order of 
priority for memory access on the B port is: 


« PMA 
¢ Direct memory access (OMA) 
¢ 620 compatibie direct memory access 


¢ ©6Processor 


In dual port systems in which the processor is configured 
on port A, requests to separate Memory Moduies will CouSe 
both requests to be serviced at the same time (figure ‘=3) 


After receiving an acknowledgment. the PMA controler 
Clears the request unless consecutive Memory cycies are 
required, in which case (he line remains set The controller 
then enables the 20-bit address bus. gates the data onto 
the 16, 18-bit bidirectional bus. and, if a reading operation 
was requested. enables the read line When (he duses are 
gtabie, the data transfer begins When the PMA detects 
the memory-data-ready signal from memory it gates the 
data to the PMA bus and ciears the acknowledgment For 
reaging operations. the controller uses the trauing edge 
of the acknowledgment signal to clock tne data 


Up to eight controllers can share the PMA option Where 
several controllers are connected to a given cnanne!. only 
ane can be active at a time. 


The memory access logic scans the PMA and OMA request 
lines at the main system clock rate If the lines are not 
enadied, the processor controls all memory cycies If the 
PMA, OMA, or 620 compatibie OMA request lines are en- 
abled, the processor 1s locked out of memory afte’ a request 
iS recognized, and no other unit has access to memory 
as long as a PMA request is enabdied. PMA requests thus 
take priority over those from the OMA. PMA requesis are, 
however, ignored in case of power faiure. 


1.2 SPECIFICATIONS 


Tables 1-2 through 1-8 contain the physical. electrical, and 
aperational specifications for the option beard and each of 
the options. 
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GENERAL DESCRIPTION 


i MEMORY 
| PORT A PORT B 


INSTALLED ONLY IF 
PROCESSOR 1S CON- 
NECTED TO MEMORY 
PORT 8 


OPTION BOARD 


L/O 
POWER CONTROL 
FAILURE || LOGIC 
LINE eee 


PROCESSOR CAN BE 
CONNECTED TO EITHER 
PORT A OR PORT 8 


DMA PRIORITY 
PMA PRIORITY | 


MEMORY 
CONTROL 


PROCESSOR BOARD 


Note: The processor, parity, and PMA ore all connected to 
port B an a V7Z system. 


VTI1-13624 
Figure 1.3. Memory Access 


Table 1-2. Option Board Specifications 


Parameter Description 


Organization Contains cireurts for the common 'ogic. 
1.@ control logic. TC, PF RF RTC. MP 
memory parity iogic and PMA on a 
15.6-by-19-inen (39.6-by-48 3-cm) 
circuit board 


Logic Levels Rign: +2.4 ta +§.5V de 
Low: 0.0 to +0.5V de 


Interconnection Plugs into the backplane of the 
computer mainframe. interface signals 
are routed via card-edge connectors. 
PMA bus and TC signais pass through 
separate connectors at the rear of 
the doara 


Power requirements = 12V de at 10 multiamperes 

24V ac at 10 milliamperes 

+5V de at 12 amperes (maximum) 
Operational Environment 0 to 50 degrees C; 0 to 90 percent 


relative humidity without condensation 
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GENERAL DESCRIPTION 


Table 1.3. TC Specifications 


Parameter 


Organization 


Peripheral Oevice 


Transmission Speed 


Mades of Operation 


Device Address 
Memory Access 


Interrupts 


Description 
Cantains input and output registers, timing 
control circuitry for simultaneous two-way 


transmission, and processor/TTY interface 
logic 


Soerry Univae moditied Modet 33 ASA 35 
ASA, or 35 KSA Teletype unit 


Controlled by TTY: ten characters per sac- 
end (100 millisecands per character) at ether 
random or sustained rate 


Input: fram TTY keyboard or paper-tace 
reader 


Qutput: to TTY printer or pacer-tape punch 
001 
Cantratled by the processor 


Write ready and read ready available to PIM 


Table 1-4. PF/R Specifications 


Parameter 


Organization 


Prority Assignment 


Interrupt Addresses 


Service Subrautines 


Description 


Contains sequencer logic. pawer-up, cower. 
down logic, start-processor logic, and 
interrupt logic 


Second only ta MP on 1,0 bus 


Power-down SAVE subroutine at 040 and 941: 
power-up RESTORE subroutine at 042 and 043 


When power fails, SAVE stores volatiie register 
contents, than halts the processor 


When sawer is restored. RESTORE retoads 
volatile registers. then enabies program 
resumption 


GENERAL DESCRIPTION 


Table 1-5. RTC Specifications 


Parameter 


Modes of Operation 


FRC Capability 


1.0 Capability 


Timing Sources 


interrupt Priority 


Description 


Variable-interval interruot. memory overtiow 
interrupt. inferval accumulation time-ot-day 
accumulation. and event accumulation 


Counts up to 0177777 with three 
hardware-selectadie timing sources 


Seven external control and two data transfer 
instructions 


10 kHz 23 percent. squarewave; variable 
interval interrupt range 100 microseconds 
to 409.§ milliseconds (in 10C-mierasecend 
IMEPEMeEATS) , 


Line frequency. derived from 24V rms 
sinewave. variable-nterval interrupt 
range (normnal) 16.7 miulseconds to 
68.3 seconds (in 36 7-miiisecond 
merements) at 60 Hz. and 20 0 mille 
seconds to 81 9 seconds (in 20 0- 
millisecond imcrements) at 50 iz 


External timing (user-suppiied) minimum 
positive duration. § 0 microseconds min 
mum Negative duration §.6 microseconds 


Determined Sy position on the priority chain 


Table 1-6. MP Specifications 


Parameter 
Protection capacity 


Modes of Operation 


interrupt Priority 


1-Q Capability 


Description 
Up to 64 segments ($12 word) of memory 


Detects halt overflow. 1/0. writing. and 
JUMP errors 


Highest on the !-O bus priority chain 


Six external-contro! and eight data transfer 


Table 1-7. PARITY Specifications 


Parameter 


Mode of Operation 


Interrupt Priority 
1/0 


Bus 


Description 


Interrupt logic issues interruot 
request upon detection of a parity 
error 


Follows PF/R and MP on the 1/0 bus 

1/Q intertace via the interval 1/0 bus logic 
Generates and checks parity on ether 

the A or B bus. but not both The hard. 


ware-selectable bus is the same as that 
used by the processor. 
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GENERAL DESCRIPTION 


Table 1-8. PMA Specifications 


Parameter 
Number of Channels 


Maximum Number of 
Contrailers per PMA 


Maximum Cable Length 


Lateney (Tyorcal for 
10-foat cable assuming 
60 nanosecana user 
cantrolier delay) 


Maximum transfer rate 
(Tygieai for 10-faot 
Cable assuming 60 nano- 
second user-controtier 
datay) 


Contrat Signals 


Priority 


1.3 RELATED DOCUMENTATION 


Description 


Four, with hardware-assigned priority 


Eight. variously distributed among the four 


channels (only one active controller per 
channe at a given time) 


20 feet (6 meters) 


830 nanoseconds (min) 
1190 nanoseconds (max) 


Semmconductar memory 
1.10 MMz (write) 
1Q1 Mbz (read) 

Core memory 
1.01 Mz (write) 
0.93 Miz (read) 


interiocked responses to all signals al- 
low tru@ asynefironous operation 


Secand onty to PF A 


Oocuments such as logic diagrams. schematics and parts 
sts are suopihed in a system documentation package. 
Tris manual +3 assemoied when the equiomentis shigped. 
and reflects (he configuration of a specific sysram 


Tre fatlowing list contains the gart numoers of otmer 
manuals pertinent (to (ne V70 series comouters (thex atthe 
end of each dacument number is (ha revisign numver ang 


can e@ any digit 0 thraugn 9): 


Title 


V70 Aremrecture Reference Manual 


V70 Processor Manual 


V7Q Semiconductor Memary Manuat 
V76 Systam FAeference Manual 
V77-600 Systern Seferenca Manual 


MAINTAIN Hl Manuat 


Manuai Number 


984 3906 00x 
98A 9906 O2x 
98A 9906 04x 
9BA 9906 23x 
98A 9906 40x 
98A 9982 07x 


SECTION 2 
INSTALLATION 


This section describes the steps to be taken during the 
unpacking and installation of the option board. gives a 
physical deseription of the beard. and lists the pin 
assignments. 


2.1 INSPECTION 


The option board has been inspected and packed to ensure 
its arrival in good working order To prevent damaging the 
board. take reasonable care during unpacking and han- 
ding Check the shipping list to ensure that ail equipment 
Ras been received. Immediately after unpacking. inspect 
the equipment for shipping damage. If any 1$ found. 


e Notify the transsortation company 
© =6Notify Sperry Univae 


° ©6Save all packing material 


2.2 PHYSICAL DESCRIPTION 


The option Board 1§ a 15.6 by-19-ineh (39.6-by-48.3-erm) 
- printed circuit (PC) board that mounts in any maintrame 
cfiassis slat (figure 2-1). 


sete FPete’ y 


So RTT ABLE 
oi ee are 


Ursrversar | O 
CONNECTOR 


aux 1 


fies t 


The integrated circuits (ICs) on the option beard are dual: 
in-line. plastic-encased chips. Under certain circumstances. 
some ceramic (Cs are used. 


2.3 INTERCONNECTION 


The option board interfaces with other system components 
through Gard-edge connectors pius connectors mounted 
at the rear of the board These connectors carry all signais 
incicated by the Block diagram (figure 1-1) as interfacing 
with the rest of the system TC and PMA-bdus signais pass 
through the connectors at the rear of the Doard to special 
cables leading to the Teletyoe and PMA controller (respec- 
tively). The memory Bus provides the interface between 
memory and the.option Seard (MP. PARITY. and PMA) 
Except for the PMA. which does not use ine | O bus all 
1. aignais between tne CPU and ine opten dears are 
repowered in the aption board common logic and disi: o- 
uted via the Optien Sus witmin the Soard 


Option-poard pin assignments are listed as part of the 
logic diagram (9180401) in tne system documentation 
package. The signal mnemonieés are defines in section 6 
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Figure 2-1. Typical Option Board installation 
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SECTION 3 
OPERATION 


The option board has no operating controls or indicators. 
Cornputer operations tnat affect tne option board are 
explained in the V7Q Series Processor Manual 
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SECTION 4 
THEORY OF OPERATION 


Option-board logic (logic diagrarn 9180401) may consist of 
one or more of the circuit blocks shown in the option board 
block diagram (figure i-1). Signal mnemonics for the 
option board are defined in section 6. As shown in figure 
1-1, ail option board features (except PMA) are intercon. 
nected by the option bus. This bus is the interface between 
the individual sections and the option board common logic. 
The common logic im turn ig the interface between the 
option board and the bidirectional 1/Q bus which carries 
data and contro! signals te and from the rest of the system 


The PMA Ras its own PMA bus. The three options that deal 
directly with memory (MP PARITY. and PMA) are alsa 
connected te the memory bus. 


The common logic circuits consist of buffered system 


control lines (IUJX=! to QIUJX +, ORYX=1 to ODRYX+. | 


FRYX=| to OFRYX +, SYRT=1 to OSYRT +. I[YAX=! to 
OIUAX ». 1UCX=F to OIUCX », and OIURX= wa OIURX + 
to 1URX-1i) and a set of mutually exclusive drivers and 
gates that esther transter data from the option bus (O800= 
through OBIS) ta the Bidirectional 1/0 bus (EBOO-| 
through EB15= 1) or wee versa. Thus, tor a data-transter.in 
(tumng figure 4-1), reegivers are disabled by OBOUTA= 
and OBOUTB= while the drivers are enabled by OBOUT + 
ang OBOQUTB + On data-transter-out. the reverse is true. 
LK8Z ~ creates the 12.1212 MHZ internal eption-board 
clock. 


4.1 TELETYPE CONTROLLER 


The Teletype controtier (TC) (figure 42) consists of the 
totlowing functional DIOcks Instruction decoding and con- 
tral logic. MOS transmitter recewer TC clock. data- 
transter-out Duffer register and the TTY interface logic 


The instruction decoding ana control logre responds to 
processor Gata-transmission requests and supplies interrupt 
signals for priority interruet module (PIM; contro: The TC 


DEVICE 
FRY X-I ADDRESS 


lea ae 


DRYX-I 


OBOUT+ 


VTi. 1363 


_ 


decodes the device adcress (01) from tne low-order six 
bits of the option bus (O800— tnrough OBOS—) progucing 
TOA+ after ANDing with not interruot acknowledge 
(QIAUX—). If an address 1s On the Option bus. itis recognized 
when QIUAX + is faise The | O-TC intertace provides for 
TC imitiahzation and storage for processor-TC data transfers 
in a two-word format The contro! logic generates signals 
to control other TC logic blocns. inciuding tne MOS trans- 
mitter-receiver It also provides iogic for external control 
INStrUCTIONS aNd initialization 


The MOS transmitter receiver is a singie 40-pin chip It 
monitors all data transfers dDetween tne TC and the TTY 
iRGiuding parallel-to-serial Gata canversion and transmis- 
gor to the TTY. sertal-to-paraiiei Gata conversian tor 
transfer fram the TTY to the processor ano data flags to 
the instruction decoding and conitrai logic 


The TC ciock supplies timing signals to the MOS transmit 
fer ‘receiver and the control loge by counting. down a 
26 2824 MP2 signal from the processor internal erysial- 
céntroiled aseillator The counter can be programmed using 
jumpers to vary the transter rate (figure 4 3) 


The data-transfer-out buffer reg ster provides tne Necessary 
buffering for data transmission 


The TTY interface /ogic provides a three-line interface from 
the TC to the TTY The interface lines are isolated frem the 
TC by eptical couplers te centro! possibie nigh voltages in 
the TTY intertace (up to 140V ac during power surges) 


4.1.1 Signal Interfaces 


The TC interfaces with the basic computer and a factory 
modified TTY No other options are requirec Nowever the 
TC can interface with a PIM to provide character ready 
interrupts. 


Figure 4-1. Common-Logic Timing for Data-Transter-in 
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Figure 4-3. TC Clock Jumpers for Various Transfer Rates 


4.1.1.1 Teletype Interface 


The TC interfaces a mode! 33 or 35 TTY wa the option 
board TTY connector. The TTYs are modified at the factary 
prior to delivery to the customer. To modify the 33 ASR 
TTv. 


a Set tne TTY for 2G MA aperation This inciudes the 
addition of a wire that enables the TTY to supply 
“pattery for the send and receive data ‘oops to the 


Clock card (the TTY 1s the current source for the TC © 


Optical coupiers). 
ob. Set the TTY for full-duplex operation. 
c. Disable the WRU contacts. 
a Oisabie parity on the keyboard. 
@. Modity the answer-back drum. 
f. Install the 180801 function lever. 


The mode! 35 1s similariy modified. Mode! 33 and 35 TTYs 
are electrically interfaced and cabied to the TC in almost 
the same manner, even though they are physicaily quite 
different in appearance and in their internal operation. 


The cable used for the TC/TTY interface for the 33 ASR 
runs from S$ connector plug P2 in the TTY to option board 
TC connector J8 at the rear of the CPU. The S connector 15 
located at the right rear, top row second connector from 
the right. The TTY cabie ts normaily 20 feet long with nine 
leads, three of which are used with standard Teletypes. 


Tre TTY end of the cable (P2) includes two other wires 
Pins 7, 4 and § are interconnected These connections 
tie tegetner internal TTY leads prougnt into the S connector 
plug aS par of the wiring Note that both ends of the cabtie 
are keyed to ensure proper mating 


NOTE 


The TTY cabie ts normally installed at the TTY 
by Sperry Univac before customer delivery 
The mode! 33 TTY requires about 3 amperes of 
ac power. and the mode! 35 TTY about 6 
amperes. 


TTY DESIGN: The 33 ASR 1s primarily designed for light to 
medium use. Normally, it ts the basic computer input 
Output device anz is the most widely used unit [ts full: 
duplex operating mode ailows simultaneous input and 
output. 


The 35 ASR performs the same function as the 33 ASR. but 
it is designed for neavy sustained use. 


The 38 KSR is used for keyboard send/receive only and 
lacks the paper tape punch (PTP) and paper tape reader 
(PTR) capability of the ASR modeis. The operating 
characieristics are similar to mode! 33 keyboard operation. 
This unit is also designed for heavy, sustained use. 


TTY INPUT METHOOS: TTY input can be wa the keyboard 
or the PTR. At the keyboard. the operator types at a 
random rate not greater than 10 characters per second 
(cps), the maximum rate for TTY input. Standard eignt- 
level paper tapes are read by the PTR at a rate of 10 eps. 
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THEORY OF OPERATION 


TTY QUTPUT METHODS: TTY output is aither printed 
(typed) or punched on paper tape. For the printer or the 
PTP, the TC sends control codes or data at a random rate 
ar at the maximum output rate of 10 cos. Oata are printed, 
or control functions, such as line feed or carriage return, 
arée performed on the printer. Similarly, control codes 
regulate the operation of the PTP, and data are punched 
into ergnt-level paper tape. 


TTY SWITCHES: The ON/OFF switch controls the motor. 
The pawer supply and battery far TC retay drivers remain 
on, independent of this switch, 


The line switch controls the TC/TTY interface. In tne ON- 
LINE position, the interface is complete, and the TTY is 
under CPU control. In the OFF-LINE position, tne TTY is 
independent of tne TC. and can be used for printing or 
preparing tapes. 


The following switches controt the tage and are not on che 
35 KSR The START. STOP’ FREE switch on the PTR causes 
the tape ta move in START. to stop in STOP, and to be 
released from the sprocket drive whee in FREE. Pressing 
8SP on the PTP ackspaces the tape one character. 
Pressing REL removes pressure from the tape. Pressing 
LOCK ON locks the punch on (prevents change of punch 
status). Pressing UNLCCK unlocks tRe punch and enaties 
punch status change by the TC cr fram tha keyboard. 


The 3§ ASR mode switch mechanism enables the fcllawing 


agerating modes. 


Pasition Keyboard Reader Printer Punch 

K On line Oisabled On line Off Line 
KT On Ine Qn line Qn line On line 
T Off line On line On tine Off line 
TTS Off une Qn tine Oisabled Off line 
TTR Off line Qisabled = Oisabled On line 


TTY FUNCTION COOES: The TTY receives the fallawing 
contral codes fram the TC that cause it te gerform specific 
functions. An enabling code must follow a disabling code. 
(Codes R. T.Q. and S are nat aciahcabte to the 3§ KSR.) 


Code Bit Format Function 
Cantrai A 100qCc001 Enable orinter 
Cantral O Loggagll Oisabdle orinter 
Cantral R 10Q10010 Enable punch 
Cantrol T 16010100 Disable punch” 
Cantrat Q 10010001 Enable reader 
Cantrat $ LOOLCOLL Disable reader 


OPTICAL COUPLER ISOLATION: Optical coupiers (figure 
4.4) in the TC comorise the actual interface between the TC 
ang tne TTY. The couolers onysicailly and etectricaily ssolate 


the two units. The receiving coupler, is driven by the TTY. 
The sanding coupler, is driven by the TC. The couplers 
switch approximately 20 milliamperes of current on or off 
the line. This method of interfacing is called “makes 
break’. Each coupler can be said to drive or be driven by a 
current loop. When there is current flowing through a 
coupler, the current loop is closed. The line is then in the 
male condition (aiso raterred to as the mark conaition). 
When no current is flowing through the coupler, the current 
loop is open. The line is then in (he break condition (also 
reterred to as the space condition). The steady state of the 
loops is the mark condition when both the computer and 
TTY power supplies are om, and both coupters are active. 
When comouter power is off the current loop is maintained 
on the transmitter wa the coupler and is kept in the mark 
condition. When the TTY power is off, the steady state of 
the current laap is in the break candition. and naither ts 
active. 


Except for the difference in switching contral location, the 
ingut and output loops have identical functians. The 
factory-modified system :s full-dupiex to srovide simulta- 
Nedus transmission of data in Gath directions. 


The current source for the two loops anginates in tne TTY 
ana is someumes reterred to as © Battery. The TC uses 
no loop source current. since it 1s isalated Sy the optical 
cougiers. Typical current in a factary-moditied TTY inter- 
face loop is 20 mA. 


The coupler-controiled current-ioco interface metrad en- 
ables (he orocessor-TC and the TTY to be placed far apart 
withaut noise interference. graund loops. ete.. affecting the 
systern. Normnaily, the TTY cable is 20 feet ong. 


Wren aither the TTY or the TC sends data. the optical 
couplers agerate (make oar Sreak) to canform to the 
character gattern being sent. Characters are sent or 
recerved serially by (Ne current loop. 


TTY CHARACTER BIT FORMAT: Each Teletype character 
or command :3 serial and is divided into Ll serieds of ots 
consisting of one start Bit. ergnt data Oits. and {wo stop 
bits (see figure 4-5). 


The bit pattern for the character shown in figure 4-5 is 
LOLOLOLL. The ort length is 9.1 muiliseconds and the dit 
rate is 110 dits per second (bes). The character length is 
LQQ muihseconds, and the character rate is 10 cps. The 
start Bit 1s always a space = Zero Ot = Ag current iA lcap 
= loop open. Oata bits are ether mark or space. A mark 
= one bit = current in loop = loap closed, 


The aighth data dit 1s always mark. it cam be usext by (he 
TTY a3 an even parity dit (optional). The stop bits in the 
cMaracter bracket (Me data bits. This simplifies the design 
and operation of tre TC input circuitry. 
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OUTPUT LOOP 


| 
| oon | 
am 
| | 
L | — ——}-4 INPUT LOOP 
NOTE: Equivalent, not actual, circuit with two independent current loops for fulleduplex operation. 


The current loops may have a single common current source and return wire. Isolation is 
achieved by optical couplers. 


TH. Tae 
Figure 4-4, Optical Coupier isolation for TC/TTY Interface 
BEGIN START LAST STOP BIT END 
ci FIRST STOP BIT 
1 2 3 4 5 6 7 8 
| | 1 | 0 | ] | 0 | } 
L EIGHT DATA BITS eee 
TWO PREVIOUS STOP BITS OR NORMAL LINE STEADY STATE 
YTHI-1868 


Figure 4-5. Typical TTY Character 
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NOTE 


The exgression. the TTY is running open, means 
the send lcop to the TTY lacks current = steady 
spacing condition. This occurs if coupler K2 
remains open, if the loop current source fails, or 
if the send loop apens at any paint. 


TTY INPUT CHARACTER: The receiving circuitry synenro- 
nizes at start-oit time. The bit pattern is sampted and 
shifted in the center of the start Oit and continues at the 
center of each data dit through to the engnth data bit 
(figure 4.6). When the last data dit has been sampled and 
shifted, the character is ready for transter to permanent 
storage (¢.g.. the computer). The TC enables transter to the 
CPY at the end of the first stag ort. The stop dit period is 
used for the transfer of the character to tMe orocessor: 
therefore, these dits are not sampled. 
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Figure 4-6. Input Character Sampling 


To keep the recenwing unit synchranized with the sending 
TTY. the recewing osciltator or equivalent timing circust 
must 5@ atlowed to stop and restart when the start ot for 
the next character occurs. If the sending device outouls a 
mew start bit Defore (he recenvinig asciilator has time to stap 
and recover. (he two units are out of synemronization and 
erroneous data result. The next new cnaracter start o1t may 
accur immediately after the stop Olt or may not occur for 
an indefimte time interval. This 1s typical of asynchronous 
transmission. The receiving ut must de able to recaive 
and synchronize to new data al any time. 


TTY OUTPUT CHARACTER: The TTY is assumed ready to 
receive data at any time. The TC output sequence begins 
when a character 's loaded in the MOS transmitter. A 
continuously running oscillator circuit is synchronized when 
ready to send a start dit. All dit times (start and data) are 
equal, and each bit takes 16 oscillator periods. 


When tne last data Ost 1s sent. the TC obtains a new 
character from the CPU in preparation for the next 
character transmission. The oscilater in the TC continues 
to run during the stop dit. Typically, the TC optains a new 
character during the ‘ast stay Dit. If there are no more 
qutput cnaracters. (ne TC oscillator cantinues running and 
places a Steady one-dit level an the outout line. The TTY 
can (men await a Sew start Oi witch occurs on the next 
Qutput character. 


ASYNCHRONOUS TRANSMISSION: The previaus para- 
grapns detailed basic TTY input and output. Several points 
should de stressed: 


a. The sending unit transmits at a full or random rate at 
any time, 


b. The receiving unit must 5e able to accept data at any 
time, at a full or random rate. 


c. The receiving unit must resynchronize with each new 
start bit (every character) ta maintain proper 
synchronization. 


d. The length of the output character must be carefully 
maintained. The recaiving circuit can normally tolerate 
some distortion (less than 1/2 bit per total charac: 
ter). The waveforms of figure 4-7 illustrate an examole 
of proper output character length Sul maladjusted 
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Figure 4-7. Maladjusted Input Clock 


4.1.1.2 PIM Interface 


The TC provides two interruot ine outputs: one (IUSB =!) 
indicates (Mat the ingut Suffer '$ ready. a second (IUAA—1) 
inidicates (Mat (he transmitter i$ ready for anotner Syte of 
data. These lines must 5e wired ta PIM interruat line inputs 
when itis desired to coerate (ne TTY uncer interrust control 
rather tnan sense control. The camouter system must, of 
course, Coritain a PIM to operate uncer interrupt contral. 


4.1.2 Circuit Description 


The TC operating tneory descrided mere 1s a sequential 
series of functional operations tmat exercise ine TC 
circurts. To setter understand tne functional operation of 
the circuits (memseives. refer ta logic diagram 9180401 
(system documentation package). timing diagrams (fig- 
ures 48 (hrougn 4-12), mnemonics (section 6). and 
imterface Gata (section 41 1) 


4.1.2.1 Initial Condition 


When computer power is first turned on, the TC and the 
processor circuitry are in an undefined state. Pressing the 
RESET switch on the control pane initializes the TC (and 
the processor) ta property perform various functions under 
program cantro!. This enaoies the TC ta monitor the TTY 
tar input characters and to accept output characters from 
the processor to tne TTY. When initialized. the TC also 
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Figure 4-8. TC Contra Timing 


transmits a steady mark to the TTY by hkeeging the 
transmitting optical cowoter active The TC can aiso be 
initialized under program control but the instruction 
cannot be issued while the TC is in communication with the 
TTY Figure 4-8 shows the software initialization timing. 


NOTE 
An initialization instruction performs the same 
function as pressing the RESET switch. 


4.1.2.2 TC/Common-Logic Interface 


The processor controis the TC with external control and 
data transfer instructions via the option Sus. When such 
an instruction is issued, the following device sequence 
occurs: TOA + 1s high if the proper address (01) 1s put 


On the option Dus and OIUAX = is iow(no mterrustor OMA) 
TOA high enables tne insiruction-generation gates 


The functions of the option bus sigmais are OB8CO- through 
OBOS enabie the device address signal TOA+ OB06= 
enabies the outoul-ready sense response TTS + O807= 
enables the input-ready sense response TRS + In addition. 
the bidirectional! signais OB00= through OB07=- enable the 
data-transter-out buffer register OBll= enables the 
software reset one-shot. OBl2= enables sense resoonse 
SERX- i. OB13- enabies the input sequence. and OBi4= 
enabies the output sequence. 


OIMWAX + inmidits TC selection when the processor has an 
interruat or direct memory access (OMA) in process The 
processor can issue any of several instructions All of tne 
following instructions issue a device address and OFRYX + 
(FRYX—!) and several issue OQORYX + (DRYX—i) 
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a. Sense output ready (OB06 ): OFRYX + only 
b. Sense input ready (O807~ ): DFRYX + only 


CG. Execute (initialize) (O81 1=): OFRYX + only 


d. Output (load transmit buffer register) (O814—.): 
OFRYX + and OORYX + 


8. Inout (read input Oufter register) (OCB13—): CFRYX + 
ana QORYX + 


Figures 4-8, 4-9. and 4-12 contain the timing diagrams 
for these instructions. 


if a sense condition is mat. SEAX-=-| goes low Under sense 
cantral a sense instruction is normally ‘ssued Oefore input 
or cutout SEAX—i low 1s enadied by ether TTBREA+ or 
TRS =. ine latter Seng tha ANO of TOE ang TORA + 


TO 


TTEREA + and TRS + signify respectively that the TC has 
an iput character or i$ ready to accapt an output character. 


When initialized, the TC is set to. enable immediate output 
under processor control. TRS + 1s not true until the TTY 
has loaded a complete character into the recenving Naif of 
the receiver/transmitter. 


When the processor issues an output instruction. an 
OFFIYX + /QORYX + sequence sets and resets flip-flop 
TOTO +. When the processor issues an input instruction. 
an OFRYX + /OORYX + sequence sats and resets flip-flop 
TOV +. 


4.1.2.3 TC Output (Write) 


QOuring a TC outout operation. portions of ime TC cam. 
mon-lagic interface, Output timing contral. tne MQS trans. 


(PREVIOUS INSTRUCTION [_OATACTRANSFER-OUT INSTRUCTION _] [NEXT INSTRUCTION 
PREVIOUS [INSTRUCTION], OAT A=TRAN SFER=QUT [INSTRUCTION NEXT INSTRUCTION | 
| 


rrarea+__J a | 


—_— OEVICE 


431/489 


FRYX-=1 | 
TOTO+ co d 
ORYX «1 
EBXX-{ 
TLOBF+ 


TTRUXX* 


TBRL- 


brine 


523/567 | 


(i a 


723 «932, 390 
7 


1018. 1094 


LOAD THE MOS 
TRANSMITTER REGISTER 


LOAD THE 
BUFFER 
REGISTER 


Figure 4-9. Processor-to-TC Output Timing 
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NOTE 1: The MOS transmitter is double -buffered to permit loading of o second cheresrer ar 
any time during the transmission of the first chorceter except when TTBREA= is low. 
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Start time, the negative transition of TTROA+ for the stort bit, is on the first negative 
transition of TCLK following the negative, asynchronous TBRL= pulse. 
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Figure 4-10. TC Oata-Transfer-Out Tim; 


mitter ‘receiver, and portions of ine TC/ TTY intertace are 
used. Circurt elements are control flip-flops, a group of gates 
enadied by the option-bus signals, a programmaoie free- 
running clock that is syncnronized with the processor, the 
transmitting naif of the MOS transmitter/recaiver, and an 
output coupler to the TTY with associated drivers. The data 
"and contro! output waveforms illustrate the loading of the 
output from the processor to the TC and thence to the 
Gevice (figures 4-9 and 4-10). For these waveforms, as- 


sume that the TC has been initialized. the transfer rate is 
110 DOs, the data is in 11-0 format, the processor has 
sensed write ready and has issued an output instruction, 
and the output character is 10101010 binary Data are 
output from the processor in a two-word format. the first 
contains the device address (01) and tee function. and the 
second is character data. The device address is sampted 
on the trailing edge of FRYX-!, and data are sampleo on 
the trailing edge of ORYX—I. 
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4.1.2.4 Loading the Output Buffer and MOS 
Transmitter 


Loading of the output buffer register cccurs from the 
leading to the trailing edge of OR'X-1. The data present an 
the buffer register inputs at the trailing edge of ORYX-! 
are latched into the buffer and presented to the MOS 
transmitter via TTOBO + through TTO87+. The trailing 
edge of ORYX=/ also enables the TBRL= loading signal ta 
tha MOS transmitter. The character to de transmitted is 
loaded into the MOS transmitter on the trailing edge of 
TERL-. 


4.1.2.5 Output to the TTY 


When the character to be transmitted has been loaded into 
the MOS transmitter Ouffer register. automatic data- 


transmission begins. The MOS device generates the start- 
bit. eight data bits, and two stop-bits without the 
intervention or supervision by the TC. The MOS transmitter 
serial-output signal TTRO + goes low to signal, via the 
aptical couoler, the beginning of transmission. 


4.1.2.6 TC Input (Read) 


Quring a TC input operation, portions of tne TC/ TTY or 
TC. Intaton intertace, input timing cantral, (he MOS trans- 
mitter/receiver, and portions of tne TC. common-iogic ine 
terface are used. Circuit elements are control flip-tlops, a 
groud of gates to enabie the cptian bus, and an input optical 
coupier from the TTY. The data and control wavefarms 
illustrate (he loading of the ingut from the device to tne 
TC and tnence to the orocessor (figuras 4-11 and 4<12), 
For these waveforms, c:sume that (me TC mas Seen ini- 
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Figure 4-11. Input Timing TTY to TC 
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Figure 4-12, TC Oata-Transter-in Timing 


tlalized. the device has just begun to transmit a character. 
and the input optical coupler is deactivated. Character 
reading i$ initiated by the negative transition of TRI- 
signaling the startebit. From this transition to the positive 
transition of the data-ready signal TDR= ali operations are 
under control of the MOS transmitter. The posiive 
transition of TOR indicates that the character has been 
received and loaded into the MOS device. About 500 
nanoseconds later the data appear at the MOS device 
Qutputs TRFIOO + through TRRO7 +. The processor has 
approximately one “character time” to execute @ data- 
transister-in instruction before data are jost. Ouring tne 
execution ofthis instruction the commone-logic drivers are 
enabled by QBOUT- low TORR. clears the TOR thip-fiog 
within the MOS device ang prepares the next character 
Oata are transterrec to the processor on tne trailing edge 
of DRYX:! 


4.1.3 Programming 


The TC can be programmed directly under processor con- 
trai (with of withous interrugts). 


The TC can supply interruots (input ready and output 
ready) to the PIM when this option is inciuded in the 
computer system. thus Saving computing time and simoplity- 
ifig sattware since programmed delay and sense loaps can 
be avoided With tris feature. the program running in the 
processor is interrupted at the proper time. 


The software initializes the TC (as does pressing the RESET 
switch om the contro! panel) The TC is then ready to accept 
output from the processar and 1s also capable of accepting 
an input character fram tne TTY The software normaily 
is$Sues &@ SeNSe instruction and. if a sense-ready condition 
exists, follows it with a reading (input) ar loading (output) 
instruction to enable the data transfer of one character 
between the TC and the processor. 
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Except for interrupts. the TC operates. for TTY operations 
within the following general timing restrictions. 


Output: Maximum data transfer rate 1s 16 
.characters per second. There is no minimum 
rate. The processor can output a singte charac 
ter, discontinue output for an indefinite period 
of time (longer than 100 milliseconds), ana then 
output another character without loss of data or 
synchronization. 


° 


input: Maximum data transfer rate ts 10 charac. 
ters per second (100 milliseconds per charac. 
ter). The processor must read the inout charac. 
ter transterred from the TTY by tne TC during 
the iast (second) 9.1-muilisecond stop-6it period. 
If the processor fails (o read the character input 
Guring this, time and pefore tne TTY inputs 
again, the character is last. 


The TC and the TTY respond ta the instructions listed in 
table 4-3 and the standard TTY codes in tabie 42 The 
instiahzing instruction performs the same function as the 
RESET switch on the computer console. The TC 1s prepared 
te accept processor output and to monitor TTY inpui This 
INStrUETION can Met be issued while the TC is communicat 
ing with the device. 


TRe sensing instructions are the sense ready to-read and 
the serise ready-to-wrie imstructions. which enabie the 
processor to determine TC status If the sense condition is 
met. a data transfer can proceed if tne sense condition is 
fiet met, the processor must wait to perform data transfer 
A sense instruction can be issued at any time and normally 
precedes any data transter instruction 


The data transfer instructions are the read (input) and 
load (output) instructions. which transter data betweer the 
processor and the TC througn the read and write registers. 
Issuing a reading or loading instruction at the wrong time 
results in incorrect data transfer 


Table 4-1. TC and TTY instructions 


Mnemonic Octal Code 
External Control 
EXC 0401 10040] 
Transier 
OAR 01 103101 
OBR Oil 103201 
OME 01 103001 


Functional Description 


Initiahze 


Transier the A register to the 
transmit buffer register 


Transfer the 8 register to the 
transimt butter register 


Transter the memory address to the 
transmit butter register 


(continued ) 
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Table 41. TC and TTY Instructions (continued) 


Mnemonic Oetal Code 
INA OL 102101 
INB Ol 102201 
IME Ol 102001 
CIA O1 10280! 
Cia Ol 102601 
Sense 
SEN O101 LOLLOL 
SEN 0201 101201 


Functional Description 


Transter the input buffer register 
to the A register 


Transter the inout cutter register 
to the 8 register 


Transfer tne input dutfer register 
to the memory register 


Transter (he input ouffer register 
to the cleared A register 


Transfer the input Suffer register 
to the ciaared 8 register 


Transmit Gutter register ready 


input Buffer register ready 


TTY Instruction Cades 


Function Symbol 
Print Enable SOM 
Print Suppress eOT 
Reader On XON 
Punch On TAPE 
Reader Off XOFF 
Punch Off TAPE OFF 


Cade Typed As 

201 Contrat and A 
204 Cantral and O 
221 Control and Q 
222 Contrat and R 
223 Control and $ 
224 Contral and T 


Table 42. ASCH TTY Codes 


300 
301 
302 
303 
304 
305 
306 
307 
310 
311 
312 
313 
314 
315 
316. 
317 
320 
321 
322 


DOVOZ ET KX -~IO MOND de) 


xX 
Y 
z 
( 333 
‘\ 
] 
t 
Blank 240 
' 


= 

$ 
% 245 
& 


ccantinued) 


THEORY OF OPERATION 


Table 4.2. ASEI! TTY Codes ‘cor ecec. 


Teletype Symbol! ASCH! Code 
Ss 323 
T 324 
U 325 
Vv 326 
w 327 


4.2 POWER FAILURE/RESTART 


The operation of tne power failure/restart (PF/R) (tigure 
4213) inciudes 


° PF R power supply interaction 

+ PF R processor interaction 

° =PF-Rinternal functions 
NOTE: The PF/R is leer only when the computer is 
in RUN mode. !f the computer is in STEP mode wher power 


1§ lost. the PF R interrupt ts mot acknowledged and the 
contents of the volatile registers are lost 


Bey ee 


° 
gO Oe wopmg 
a3 tees 


er rhe | 
Figure 4-13. PF-R Functional Block Diagram 


In the PF-R-paower supply intersection the computer power 
supply generates a low power failure signal at the start of a 
Power up sequence. When ail de vaitages are within their 
Operating ranges and the line voitage is 105V ae or higher 
the power farure signal goes ign This positive transition 
triggers the PF, R power up sequence 


When power is lost or below minimum requirements for 
computer operation. the power failure signal goes low The 
PF.R then generates an interrupt reciest. causing the 
processor ta execute the SAVE subroutine :f the computer 1s 
in run mode in halt mode. the processor does not 
acknowledge (he request. In this case. the memory and 
processor are immediately disabled. and the contents of 
the volatile registers are lost 


During a power loss. the PF/R interrupt request is not 
acknowledged until the instruction in process completes 
execution If the instruction requires multilevel addressing. 
this acknowledgment can be delayed up id five memory 
cycies. depending on the number of addressing levels (one 
machine cycie per level). OMA memory activity can also 
delay the interrupt processing up to one OMA cycle 


SAVE includes operations such as storing the contents of 
the volatile registers so that the interrupted program can 
complete execution when power is restored. 


Teletype Symbol 


ASCII Code 


* 233 
are 254 
285 

: 256 

‘ 257 


The power supply causes the system-reset signa! to remain 
low from turn-on to 100 microseconds before the pos tive 
transition of the power failure signa! thus disatiing the 
processor. When the power fariure signal goes high system 
reset i$ removed and the interruct clock is enadied 

Approximately 90C nanoseconds later the PF R simuita 

Aeously places the processar in run mode and requests an 
imterrupt. The processor ackrowlecges the request by 
jumping to address 042 as specified by the PF R The 
processor then executes the PF R RESTORE suorautine 
during which ali other interrupts are disabled. At tne 
completion of RESTORE. the processor jurmps back (under 
program contro!) te the program bemg executed when. 
power was lost and reenabies ali other interrupts. 


During @ power-dawn sequence. the power failure signa! 
remains low as long a$ Power failure conditians exist 
Following the negative transition of the sower-failure signa! 
the PF. R interrupt request logic 1s enabieo The processor 
then, after executing the current instruction acknowledges 
the request By jumping to interrupt address 040 and 
executing the PF R SAVE subroutine during whien all other 
interrupts except memory protection are disabled. 


Approximately one millisecond after SPF4= goes low the 
Power supely generates SRST=. which disasies the proces 
sor and memory 


The usual SAVE and RESTORE subroutines use a “alt run 
flag to indicate whether a power failure Sccurred while ‘4e 
processcr was in HALT mode It so. the flag i$ unchanced. 
since SAVE was nat executed Uson resesration of power 
RESTORE examines the fiag to determine whether the 
previous data can be restored in the voiatiie registers or a 
HALT 1s required. 


The PF/R internal logic consists of three functional Diocks. 
sequencer. system Start. and interrupt request 


The sequencer logic sends control signais to the other PF/R 
logic sections to generate the required output signais 


The system start logic produces a short guise for starting 
the system when state O1 !s true. 


The interruot request logic generates signais to request an 
interrupt cycle and to define the memory address of the 
interrupt. The interrupt priority logic generates a signal 
that disables lower-priority options and peripneral contro 
lers when the PF/R is executing a powerup RESTORE 
subroutine or a power-down SAVE subroutine. 
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4.2.1 Timing 


Figures 4-14 and 4-15 show the PF/R power-up timing on 
the power-supply and processor interfaces, respectively. 
Figures 4-16 and 4-17 show the PF/R power-dawn timing 
an the intertaces. Figure 4-18 shows the sequence of events 
in the PF/R control logic 


The significance of the timing considerations in the 
operation of the PF-R is discussed in the descriptions of 
the circuits (section 4.2.2). 


‘ae POWER TURN-ON 


4.2.2 Circuit Description 


To better understand tne tunctional operation of tne PF/A 
Circuits in this section, refer to logie diagram 9180401 
(system documentation package). timing diagrams (sec- 
tian 4.2.1), and mnemonics (section 6). 


A power-ug condition exists when the power-supsly de 
vaitages are ail within thew operating ranges and the line 
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Figure 4-15. Power-Up Timing at the PF/R-Processor Interface 
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Figure 4-18. Control Logic Sequence 


valtage 1$ JO5V ac or greater. A power-down condition 
exists when one or more of the power-up requirements is 
not fulfilled. 


Prior to the beginning of a power-up sequence. SPFA= and 
SRST= are low. The sequence begins when the power 
supply forces SRST= high Approximately 1006 microseconds 
later, SPFA= goes high. The initializing flip-flop set-output 
PCX1 * goes high on the clock transition with the control 
logic going to state O01. This sets the one-shot and 
generates system-start puises OPSTRT= and OINT=. Thus, 
the positive transition of SPFA= causes the PF/R to enable 
the interrupts and the CPU to begin execution of the 
resetore subroutine within 500 to 1000 nanoseconds. 


The interrupt request to the CPU for the RESTORE 
subroutine 13 generated when the control flip-flop is reset 
(FE1X= high) and control state O1 signal FCSI= goes low. 
enabling, when BINT= is high. OIURX=. low. 


Atter a request, the CPU activates the interrupt-acknowl- 
edgment signal OIUAX+ high. and this ss gated with 
BINTE= and FCSi2 +. if ether contro! state 0] or 10 is 
active (FCSI2 + high) and the meriory-protection interrupt 
1$ disabled (BINT= igh). the interrupt-address flip-flop set 
6uiput FIOD + goes high on the positive transition of clock 
FRYX + Acknowledgment af the interrupt during power-up 
Causes the control logic to enter state 11. the power. 
Quescent state. internal interrupt signals FCSiZ@ and 
FIOAK » generate the interrupt address (OB05= and 
OBCi- ) and output it to the 170 bus with (/O-transfer 
control signal OBOUT=. 


When an interrupt address 1s accepted (FIOO + high) in 
control state O1 (FCS1~ tgh). the contro! flip-flop set 
output FC1X + goes high. The flip-flop clears when FRSTA= 
goes low 


RESTORE reloads the volatiie CPU registers with the same 
data as they held before power loss. and a jurnp instruction 
at the end of RESTORE reenters the interrupted program. 


All lower priortty options inctuding ail interrupts except 
memory protect are disadied during this time by a low 
PF Reactive signai FINTE=, generated by either the ini- 
tlalization of control flip-flop. The initialization flip-flop is 
cleared by a low system-reset signal FRSTA-— Upon com- 
pletion of restore, FINTE— returns to the high state, allowing 
the |/O prionty chain to become active again. 


The system-start logic produces the short pulse OINT= low 
when the one-shot is set and the PF/R is in control state 
Ol, thus starting the system. 


Upon power failure. the power-down sequence begins with 
SPFA= going low, where it remains as long as there is a 
power-down condition. The negative transition enabies the 
PF/R interrupt-request signals IUCX= and IURX-. When 
SPFA- goes low and the one-shot expires, the initializing 
flip-flop output FCX1- goes high on the next negative 
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transition of clock QIUCX + with the contro! legic gong ts 
State 10. The contro! flip-flop set output FCIxX = is Righ 
and is reset when FCSZ+ goes migh. If the mermor, 
protection interrupt is disabled (BINT= higr). OIUEX- 
goes low to enable the PF R interrupt request to tne CPU 
and cause the CPU to execute the SAVE subroutine 


Memory protection interruots if enadiec. will be acknowl 
edged first Acknowledgment of the interrupt after the proc: 
essor completes the instruction in progress is analogous 
to the acknowledgment during power-ug excesi ina: née 
control logic enters state 00 on power-down 


The request generates the interrupt address Cos spec‘ ec 
by the PF/R, and executes tne SAVE sutrcutine Sur-rg 
this sequence of events. all other interrupts acd opt.crs 
except memory protection are disabled 


NOTE: If the processer is in a multiprocessor System arc 
does not have the hignhest-prionity memory port it may rot 
get port access in time to process the SAVE subrou'--e 
after power loss. PMA requests are ignored when the PS = 
18 active. 


4.2.3 Programming 


Althougn the standard Sperry Univac programs co *c* 
contain PF.R service rqutines ‘ae saving anc resiseng 
contents of the volatie registers and sense switstes ‘me 
PFE'R circuitry provides Capadty for Ranc'-g such 
routines To utilize (his capability the user Cat write a 
SAVE and RESTORE service routine ithe tne one st Ows if 
figure 4-19 


During a power-down condition. interrupt addresses C4C 
and 04] must contain a jump-and-mark to the SAVE 
routine; during 2 power-up condition interrupt addresses 
042 and 043 must contain a jump to the RESTORE routine 


If the computer is in the hait mode during a power loss tne 
PF/R interrupt reques: « mot acknowledged the memory 
and CPU are immediately disabled. and the contents of tne 
volatile registers and sense switches are los?. 


lf a multilevel addressing instruction 1s in process when 
power is lost, the CPU acknowledgment of the PF R 
interrupt request can be delayed up to five memory cycies 
An active DMA request at the time of power loss (SPFA~ 
going low) could delay acknowledgment up to ome OMA 
cycie. 


A halt instruction must be located at the end of the SAVE 
routine. This stops memory activity before SRST= 1s forced 
low by the power supply. 


The service routine should contain a halt/run flag. This 
indicates whether 3 power failure occurred while the 
processor was in RUN or HALT mode, so that either the 
volatile registers can be restored or a HALT executed. 


The RESTORE routine execution time must not exceed 400 
nmucroseconds, and the SAVE routine, 300 microseconds. 
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Figure 4-19. Typical PF/R Service Routine 


4.3 REAL-TIME CLOCK 


The real-time clock (RTC) option camorises seven tunc- 
tional Blocks: clock-cantrat logic. timing source input 
logic, free-running counter. variable interval logic, overtlow 
detection logic. interrupt contral logic, and instruction 
decoding and control lagie (figure 4-20). Inputs to the RTC 
inctude the internal !/O us. a 24 2424 Myz signal ‘rom 
the grocessor. an external timing source: and a power 
sugoly line frequency. 


The clock-contral logic croduces the 10 kHz clocking 


ggnai its input 1s (Me squarewave signal fram (he 
-gran deara’s 12.1212 MAMz, crystal-controiied 1/0 clock. 
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The timing source input logic consists of a pulse-shaper far 
tne line frequency sinewave inpul and [the speciaily wred 
timing source selection slugboard (figure 4-21). 


The freerunning counter (FAC) orovides real-time and 
avent accumulation. Timing is Nardware-seiectadie (igure 
4221) and can be either (me line frequency source. an 
axternal source, or the variadie-interval interrupt rate. The 
counter is factory-wired to the line frequency untess ocner- 
wis@ specified Sy the user. It runs continuously, and, if it 
ig wired to the variadbie-nterval logic’s zero-datection out- 
jut, is inevemented at the variabdlie-nterval interrupt rate 
aven if the interrupt is masked. Only the claar-FACG instruc: 
non (EXC 047) resets tne counter, which continues to count 
aven whtie (Me pracessor is in step mode. 
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Figure 4-20. RTC Block Diagram 
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Figure 4-21. Timing Source Selection 
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The variable-interval logic consists of a 12-Dit interval 
selection register, variabie-nterval counter, and zero 
detection logic. Timing for the variable-imnterval counter is 
hardware-selectable and can be a crystal-cantralied 10 kHz 
source. an external source, or the line frequency (figure 
421). The standard source is tne 10 kHz signal (uniess 
otherwise specified). Thus, the variable-interval interrupt 
rate i$ narmaily | kHz because the interval selection 
register ts loaded with OOOOL2 during initialization of the 
RTC. The interval selection register is loaded. uncer 
programmed |/O control. with a binary numoer «hat is 
prapartional ta ine desired timing interval. The register 
contents are than transferred to the 12-bit variable-interval 
counter. The counter 1s decremented to zero uncer 
nardware control and, if the variadle-interval ‘nterrupt '$ 
nat masked, the CPU is interrupted. When ine variable- 
interval Counter 1s decremented to Zero. it 1s again !242 

fram ihe interval saiection -egister and again Gecremer:ad. 
The varradle-nterval interrupt occurs Continuously at 3 rate 
determined dy (Re count in the interval selection register 
unti (me interval is cmanged Sy the oragram or until the 
RTC is rermtiahzed Sy tre EXC 0487 instruction or when 
the RESET switch on the computer control panei 1s pressed. 


Wren the ATC is initiazed. (ne interval selection register 
i§ sat to 0012. However, if (he register count 's set, by Ine 
program. 'o zero. the ATC mardware reacts as if tne count 
has deen sat to 03096. 


The overtiow detection logic ‘equests interrugts of tne 
computer snen a specitied address in memory is incre 
manted Seyond a preselected count and overtiow rasuits. 
Wren (ne memory-overtiow interrupt is expected. (he vari- 
able-wnterval interrupt address (044) Always contains an 
inerement memory and reglace instruction The address 
to O@ incremented (3s [Me next sequential location (045). 
Tre overtiow detection logic monitors tha most signiticant 
aug of the procassor A register (Ail4) after a variable-interval 
ime@rruot and during (he executicin of the increment memrory. 
and repiace instruction. if ot 14 of (Re mamary word is 
ane, (his logic generates a mernory-overtiow interrupt re- 
quest: | @.. when (ne incremented acdress count reacnes 
Q40000. tna next variable~nterval interrupt represents over- 
"ow Thus. (Pe incremented address contains 040001 wren 


the memory overtiow interrupt occurs, assuming tnat the 
address was initialized to a value under 040000. The inter- 
rupt could $e set to occur at any value (Nat enadtes dit 14. 


The interrupt control logic processes RTC interrupts. When 
both RTC interrupts (variable-interval and memory over- 
flaw) are pending, the variable-interval interrupt has 
priority. if anther or both of the interrupts are masked, this 
section stores interrupt requests and transfers ther to the 
processor when the interrupts are enabled. The interrupt 
control logic can stere one of each type of interrupt. 
Subsequent interrupt requests when the interrupts are 
masked are jost. ° 


The instruction decoder and contrat logic decodes instruc. 
trons trom tne processor and generates cantrot s grails to 
enable data transfers, mask 3¢ unmask interrupls, and 
initialize or clear the RTC functions. 


4.3.1 Timing 


The external timing source supplied by the user must be a 
pcsitive- going pulse with a minimum pulsewidth of 3 
micraseconds and a minimum cycte time of 10 mucrasec: 
onds (the negative-level minimum duration is § 
microseconds). 


The line frequency source 1s a 24V ac power supply duteut 
itis smaped oy a TTL Schrmutt trigger om tre RTC circuit — 
geard. 


4.3.2 Circuit Description 


Ta better understand the function of the RTC circuits 
stiown in figure 4-20. refer ta the mnemonics (section 6) 
and ta logic diagram 9180401 (System Maintenance 
Manual). 


The following subsections descride tne seven functional 
sactions of the ATC: the instruction cdecodcer and contro 
logic, free-running counter, clock counter logic. timing 
source logic, variable interval logic. Mamoary overttOw catect 
lagie. and interrupt contrat iogic. Tanle 4-3 !ists tne ATC 
fUNGIONS IA ralation to [he timing and ranges of the var- 
able-interval interrupt and (he free-running caunter 


Table 4.3. Major RYC Functions 


Variable-intervai 
Interrupt Free-Running Counter 
Function Source Range Source Range 
gn rate interval 10 kHz 100 mucro- Vartable- 6.3 seconds 
interrupt and in. secands to interval ta 7.46 hours 
terrugt accumula: 409.5 mitt interrupt depending on in- 
tien * seconds in rate terrupt rate 
100-micro.- 
seconds i1- 
crements 
“gm rate interval 10 kHz Same as above External Ue to 63.536 
interrugt and event events 


IcsUMul ation 


320 


‘earrtinued) 
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Table 4-3. Major RTC Functions (continued) 


Variable-interval 


Interrupt Free-Running Counter 
Function Source Range Source Range 
Migh-rate interval 10 kHz Same as above Line Up to 18.2 
interrupt and time: frequency minutes 


of-day accumulation 


rign-rate interval 16 kHz 
interrupt and high. 


6.5 secands in 
100-mucrosecond 


Same as above 10 kHz 


rate interval ac. increments 
cumulation 
Low-rate interrupt Line 167 mills Variable. 18.2 minutes to 
and interrupt ac. frequency seconds to interval 518 days de. 
cumulation 68.3 seconds interrupt pending on in. 
in 16 7-mialle- rate ‘ terrupt rate 
secend 1A- 
erements 
Low-rate interrupt Line Same as above —_ Externa! Up to 65.536 
and event accumula: frequency : events 
fen 
Low-rate interrupt Line Same as above Line Up te 18.2 
and time-of-day frequency frequency minutes 


accumulation 


6.§ secends in 
100-muerosecond 
imerements 


Low-rate interrupt Line Same as abave 16 kez 
and timne-of-day frequency 


accumulation 


65.536 to 268 


Event count inter. External One to 4.098 Variable. 

rupt and interrupt events interval million events 

accumulation interrupt depending on 
rate imterrugt rate 

Event count inter. External Same as above External Up to 65.536 

rupt and event ei events 

accumulation 

Event count inter. Externai Same as above Line Up to 18.2 

rupt and time-of. frequency minutes 


day accumulation 


6.5 seconds in 
100-muicrosecond 
increments 


Event count inter- External Same as above 10 krz 
ruot and time-of. 


Ga. accumulation 


4.3.2.1 Instruction Decoder and Control Logic tions or data are accepted by the receivers and data are 
transmitted by the drivers. RBQi +, RBOZ2+. and RBOS + 
The instruction decoder and control logic consists of assert the RTC interrupt addresses on the option bus. 
receivers and drivers, flip-flops, inverters, log: gates, and 


an instruction decoder. These logic components decode 


instructions from the CPU and generate the control signals 
to enabie data transfers, mask or unmask interrupts, and 
wmutianze or clear the RTC. 


The 16-bit bidirectional internal option bus interfaces the 
RTC and the processor (OB00- through O815—.). instruc. 


The instruction decoder is a 3-to-8-line decoder that 
decodes OB06, 0807, and OBOE into one of the states, 
REXOO= through REX07— (REXOS- not used). These 
signals enable or disable logic functions in the RTC circuits. 
The instruction decoder is enabled by RFRY +, OB11. and 
RDA47. 
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Memory overtiow enabling flip-ilop RMOE activates the 
memory overtiow detection logic. RMOE is preset by 
REXOl=- to enable the RTC. The memory overtiow detec. 
tion logic is disabied by clearing the flip-flop with REXO2=, 
REXO2. or RAST=. The same logic deciphering is true for 
the set and reset conditions of variable interrupt- enabling 
Hip-flag RVIE, This signal activates the interrupt control 
logie. 


Data-transterin and data-transfer-out instructions with 
OFRYX + and ROAS7. are deceded to ROT! and 2OTO, 
respectively. RPOTO= presets flip-flop ROTO, indicating 
that the RTC is accepting register selection data from the 
processor. ROT! and ROTO are clocked by RKFRY= and 
RORY~. 


The ATC device address is 04” (AOA47). The states of 
CB00— through O80S— are decaced by a NANO gate and 
inverter in (Me absence of (he interrupt acknowledgment 
signal to ganerate ROA47 


Processor signaits OIUCX +. GCIUAX +, QFRYX +. and 
OORYX = feed various functional circuits. RPAM > 13 a 
prianty signal fram a Nigner-gronty device. RAST = 13 a 
system reset or imitiaiize-AITC signal. 


4.3.2.2 Free-Running Counter 


The 'rea-running saunter (FAC) consists of 18 flip-llags 
and can 5e@ read uncer program contrat. One application 
of the FRC 1s to indicate to the processor the elapsed tine. 
@y subtracting 2 previous count fram (ne current count, 
the processor determines tne number of avents in a given 
period of time. tne ime of day, or tne elapsed time. The 
FAC :s controtled by the-tlos AKFCL and gating circuits. 


RKFCL i¢ clocked by RERCK » The output of RKFCL is the 
conditianed clock input to the 16-ort FRC flio-lops, The 
direct clock input sets RKFCL, thereby clocking the FRC. 
RFREN + presets RKFCL. This gate prevents RFRCK + 
from clearing the flio-ftop during a data transfer in (ROTE 


REXOO- 1s output By the instruction decoder. It goes low 
during an EXC 247 instruction. clearing tha FRC. REXGO= 
goes to 're FRC as weil as to the reset input of RKFCL 
Wren an EXC 047 instruction is executed, RKFCL is 
imtiahzed Pgh and other FRO flip-flops. to zero. This 
provides a paint of reference for the pragram in computing 
elagsed time and time of day. The FRC outputs (RFROO= 
15 +) are routed ta the aptian bus. 


4.3.2.3 Clock Counter Logic 


The clock counter 'agic (CCL) adjusts tna 121212 MHz 
ation d0ard Squdrewave Clack (0 generate a 10 kHz timing 
source, RIOKH » Ths source can be selected as an inout 
ta (ne varradlew terval interrupt logie and. or to (he free 
running counter as desired by tte user. The CCL consists 
of the-toas. cauntars. and gating logic. The 12.1212 MHz 
signal TA82 « feeds a series of counters that reduces (he 
frequency 'O 20 krZ. Flig-tlog AZOKH enabdies tne clack 
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to the 10 kHz flip-top R10KH. The counters can Se cleared 
by ATRAST— by any one of tne following: RAST from the 
SYSTEM RESET switch on the computer front pana, 
ROTO during tne execution of a data-transter-out instruc- 
tion, or REXO6—= enabled by a sottware reset. 


4.3.2.4 Timing Source Logic 


The timing source logic permits user selection of a timing 
source as ar input to the veriable-interval interrupt logic 
(input AVICK +) and to the free-running counter (input 
RFRCK +). 


Faur timing sources are available for selectian: 


1. Qutput of the clock counter logic (10 kHz) 

2. External tim-> source (see table 1-4) 

3. Output of the -ariable-nterval interruct iagic 

4. lune frequency (SO of 60 Hz a8 avaiadtie See tatie 
1-4) 


Timing source selection i$ accomplished Sy means of 
jurnpers Setween “E'-paints as smawn in figure 4-21 Bath 
standard and optional intercannection are .ndicatag. Note 
that jumpenng the vanadie-nterval interrupt agi¢ output 
(£16) to its ineut (E18) 1s not a useful connection. 


The timing source logie derives the line frequency signal 
at lagic levels by Sassing (he 24V ac rms through a voltage 
Givider. rectitier/ titer circuit follawed Sy a Scmmitt iriggar 
Tre 24V ac rms is (he sower-turn-on relay control voitage 
fram the maintrame power sucoly. 


The timing source logic Suffers (he external timing source 
signal (ETA +) Sy means of a pair of inverters in series. 
ETR + must be standard TTL compatiste wth durations 
a8 specified in tadie 1-4. 


4.3.2.5 Variable Interval Logic 


Tre variadle interval logic generates an cutout at (he vari- 
adle-interval interrupt rate. This cutout (AVI +) is sent to 
the interrupt contra lagic to generate the QIURX + interruot 
request signal. Figures 4-22 and 4-23 snow (ne vari- 
adle-ntervai timing. 


The variabie interval logic can be divided into two 
functional suBcircuits. 


The first c:reuit consists of a 12-o1t Suffer register that can 
be programmed via the instruction decoder and control 
logic. The ragister cansists of 12 O-type flip-flops loaded 
fram the option bus (O800— through O811—) with a oinary 
numoer proportional to (he desired time interval. Ail 12 
fty-Hoos are clocked by AOTO = on the trailing edge ot 
Gata ready (ODAYX +) dunng a data-transter-out. The 
tlie-flop cutouts (RIROO— trrougn RIA 11<:) are traristerred 
to the 12-d1t counter. The 12-01 register can De cleared 
oy RASTA. 
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Figure 4-23. Varrable-interval Interrupt Timing 
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The second circuit consists of logic gates. flip-flops. and a 
12-bit counter. RIROO= through RIRIi= are transterred 
into the counter The loading of the counter '$ syenronized 
with RVICK + so that the counter does not attempt to load 
and increment at the same time. 


Note that if the 12-bit selection register 1s set to zero. the 
counter reacts as if the count were 4.096 When the 
counter reaches zero, it is again loaded and incremented. 


The variabdie-nterval interrupt continues te occur at a rate 
determined by the frequency source ang tne buffer reg:ster. 
until the contents of the buffer regrster are changed under 
program contro! 


The interrupt process is initiated by RISTB setting RVIL 
every time the counter cycles. indicating a variable interval 
interrupt 1$ Im process RVI ig then set generating the 
variabie interval interrupt request when the variable 
mterval interrupt i$ enabled and the memory.overtlow 
mierrupt i$ mot im process. RVIL can be cieared by 
OSYRT + when the processor is transferring data out. or 
when (he counter i$ initialized 


4.3.2.6 Memory Overflow Detection Logic 


If an inerement-memory-replace instruction is located at 
the variabie-nterval interrupt address (044). the memory 
Overflow detection lage interrupts the processor when the 
contents of tne incrementec memory agdress overtiow 
Prior to in¢rementatian, ine contents of the memory accress 
specified by the INR instruction in address 044 (typically 
accress 045) are placed in the memory-inpul lateh MiLxx 
ang tne ATC memory overtiow detection legie checks the 
15th ot Guring the execution of an increment-memary- 
and-repiace (INA) insiruetion If thus Bit 1g Set, Indicating 
a count of 040000 or more. the RTC records an overtiow 
canaition 


Tre memory overflow detection logie consists of gates and 
fhe-floas tar generating tne memory overtiow interrupt re- 
quest signal RMFi+ Fip-tlono REMT sets whiie a vari- 
adle-interval interrupts Deing executed The arocessor INR 
instruction signal CCS30 +. AK16" - ar. =EMT + com- 
‘pine to set's :* fhp-flog AMTFF if ina merry input faten 
bit 14 (MIL - —) 18 Set when overtiow occurs. AMTFF— 
sets memc:y-overtiow latch thip-floo RMFL. Memory- 
overfiow interrupt flip-flop RMF sets on the trating edge 
of interrupt clock (OIUCX +) when RMEFL is set and there 
i$ NO variabie-nterval interrupt. RMFI + is sent to the inter- 
rupt control logic to generate an overtiow interrupt. 
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4.3.2.7 Interrupt Control Logic 


The interrupt control logic consists of tne gates and flip- 
flops required to generate QIURX— and interrupt adaresses. 
and to ensure ATC priority 


° 


The priority output signal PRR TC Om is sent to lower-priarity 
| © devices to indicate tnat the ATC nas se:zed interruot 
priority, OiURX— is sent to the processor along with 
COCPRM RINT iow indicates that tne interrupt request 
flipeflog is set and no higmer-prionty interruet request is 
active. Estner a variadie-interval interrus: or memory- 
Overtiow interrupt request signai can then request tne proc- 
essor fo execute an instruction 


Either the interrupt address 044 of 046 or the contents of 
the FRC counter may de placed on the option bus Wren 
reading the FRC counter the contents of tne counter are 
placed on the option ous. When an interrupt is be:ng groc- 
essed ihe interrupt address is placed on the optian ous 


4.3.3 Programming 


The user writes the RTC service routines using the RTC 
instructions im table 4-4 The RTC device address ig 047 
Interrupt addresses 044 and 045 process variable interval 
(inerement) interrupts. and addresses 046 ana 047 process 
overtiow interrupts 


If the memory-overtiow interruotis used 044 must be loaded 
with an increment-memory-and-repiace instruction (1 @ 

INR. INRI. or INRE) If the memory-avertiow interrust is 
enabled. but noi used and address locations C44 anc 045 
do not contain an increment-memory-and-reoliace instruc: 
tion, an erroneous memory-overtiaw interrupt May occur 
Normaily a jump-and-mark instruction to a suitable oroc- 
essing subroutine 1$ loaded in the memory-overtiow 
interrupt locations 046 and 04° However if tne overtiow 
interrupt capabiity is mot used anc is maskec tne 
variable-interval interrupt locations 044 and 045 snouid con- 
tain a jumMpcand-mark instruction 


Figure 4-24 shows a typical RTC service routine 


The ATC service routine conciudes with enadiing instruc: 
tions for other internal computer options (eg priority inter- 
rupt Modules) whcse interrupt requests nave deen innioited 
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‘ 
ah 


Mnemonic 
External Control 


EXC 047. 


EXC 0147 


EXC 0247 


EXC 0347 


EXC 0447 


EXC C647 


EXC 0747 
Transfer 


OAR 047 


CBR 047 


OME 047" 


INA Q47 
IN® 947 
AE 947 


C!A 947 


Ci8 047 


Table 4-4, RTC Instructions 


Cade 


0100047 


0100147 


0100247 


0100347 


0100487 


0100687 


01007487 


O103147 


0103247 


0103047 


» Q102147 


0102247 
0102047 


0102547 


0102647 


Description 


Clear FRC (the FRC cannot otherwise 
be reset) 


Enable RTC interrupts (pending RTC 
interrupts are immediately processed) 


Inmidit memory overflow interrupts 
(unmubits only overtiow interrupts) 


Enable variable interval interrupts 
(intibits overfiow interrupts) 


imbahze RTC (inmibits ail interrugts 
and resets the interrupt central legic 
and clock control logic) 

lnntahze variable interval counter 
(loads the contents of the interva! 
Selection register in the interval 
counter and resets the clock control) 


Inigit variable interval interrupt 


Qutput A register to interval 
selection ragister 


Qutput 8 register to interval 
selection register 


Qutput memory to interval selectian 
register 


Input FRC contents to A register 
Input FRC contents ta & register 
Input FRC contents to memory 


Clear and input FRC contents ta A 
register 


Clear and ingut FRC contents ta 8 
register 
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*eORTC INITIALIZATION CODING *°° 


SET INTV = 1000 (interrupts to cccur Once each 
second) 

SET INSG @ 10 (variable interval interrupts. 1 per 
muilion) °° 


INTV EQU 1000 
ORG 044 INITIALIZE AODRESSES 044.047 
INR PERIOD 

PERIOO DATA 040001 —INTV 
JMPM TIMUP 


S**INITIALIZE RTC*** 


ORG 0500 
INSK BATA INS 
BEGIN Exc 0447 
EXC 047 
LDA INSK 
OAR 047 
EXC 0147 


(USER'S PROGRAM) 


INTERVAL SELECT COUNT 
INITIALIZE RTC 
Clear FRC 


QUTPUT INT SEL COUNT 
ENABLE RTC 


S*CINTERRUPT PROGESSOR’°® 


ORG 01000 
TIMUP ENTR 
EXC 0247 
STA SAVEA 
LDAI 040001—INTV 
STA PERIOD 


PROGRAM COUNTER STORED 
INHIBIT MOI 

SAVE A REGISTER CONTENTS 
REINITIALIZE RTC COUNTER 


(Other instructions can be iiserted Here) 


LOAI 0 


SAVEA BES 0 
Exc 0147 
JMP* TIMUP 
ENO 


RESTORE A REG 


ENABLE MO! 
RETURN TO INTERRUPT 


Figure 4224. Typical ATC Service Routine (im symbolic coding form) 


4.4 MEMORY PROTECTION 


The memory protection (MP) option consists cf the sections 
shown in the Biock diagram (figure 4-25) and described 
below, 


The addres: sequencer checks for program entry into non- 
protected memory segments. controls loading of the 
instruction address regisier, checks for jumps and overflaw 
_from non-protected to protected memory segments, and 
checks for write to protected memory segments from a 
program originating in non-protected segments. 


The instruction sequencer checks for loading of the pro- 
gram counter for a passidie jump error and checks tor 
input/output and Ralt instructions originating in a pragram 
rasiding in a non-protected Memoary segment. 


The mask register section (figures 4-26 and 4-27) stores 
the protected/unprotected status of each 512-word seg. 
ment of core memory. if a given flip-flop in the mask 
register is set, the corresponding segment of core memory 
1g protected. If the flip-flop is reset, (hat memory segment 
i$ Unprotected. The mask register section consists of eight 
16-bit mask registers. To load a register, the register 1s 
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(INSTRUCTION 


MEMORY 
AOORESS 
AOORESS 8US | REGISTER 
SEGMENT 
AODORESS 
STATUS 
CACIOC 
ORcl 
CIOHLT INSTRUCTION 
CIDIO SEQUENCER 
CID JAK 


ADORESS 
SEQUENCER 


bSil184 


MASK 
REGISTER 


(/O BUS 


(INTERRUPT 
SEQUENCER 


Figure 4-2§. MP Slock Oiagram 


selected Oy an EXC instruction and a data-transter-out 
instruction 1s issued ta transfer 16 bits of data to the 
selected register via the I/O bus. Ouring error detection, 
the quiputs of the correct mask register are selected by the 
upper three bits of the address and are gated out to the 
segment address status sectian. 


The segment-address status section decades bits 09 
through 12 of the address and ANOs tne result wth 
corresponding status outputs of the mask register to 
determine whether or not the addressed segment is 
protected. The status of the addressed segment 1s then 
gated out ta (he address sequencer as the status of the 
current word. 


The instruction address register stores the contents of the 
processor program counter at tne beginning of each 
instruction-feten memory cycie. The register is ugdated on 
each such cycte until an MP error ss detected. It is then 
disabled by the resulting error interrupt. Further updating 
1s thus inmidited until the MP is reanabled by an 1/90 
instruction during the error subroutine. 


The interrupt sequencer raises an interrupt request to the 
processor when any MP error condition is detected. The 
interrupt sequencer disables ail lower oriarity devices until 
its interrupt request is raised. Ouring an interrupt. the 
interrupt sequencer aborts any 1/0 commands just started. 
restarts the CPU in the event of an unprotected nait 
instruction, and farces tne CPU to wart for the pending 1/0 
interrupt. 
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AODRESSES 


000000 - 
001000 - 


000777 
001777 


MASK REGISTERO 
si4igi2ti109 87 6543 2 70 


016777 | 
017777 
020777 = 
21777 | 


"016000 - 
017000 - 
020000. 
021000 


036000. 036777 
"037000 037777 | 
040000 040777. b= 
“041000 041777. | 


MASK REGISTER 2 


1674131211109 8 765 432 10 


086777 
057777 
060777 
061777. 


056000 
057000 - 
060000 - 
061000 - 


MASK REGISTER 3 


1681413121110 9 876543210 


076000 - 076777 
- 077777 


Figure 4-26. Mask Register Bit Assignment 


SGwerg yawsissy Avowey) “L2-p esndig 


ariidte 


ADDRESS 
OOU0U0 - 000777 
001000 - 001777 


UU20U6 - 002777 


067000 - 667777 
010000 - 010777 
011000 - 011777 
012777 - 012777 
013777 - 013777 
01477? - 014777 
015777 - 015777 
016777 - 016777 


017000 - 017777 


MEMORY 


PROTECTED 


UNPROTECTED 


UNPROTECTED 
PROTECTED 


PROTECTED 


PROTECTED 
UNPROTECTED 


o'toaoutitrtodododiots4so0a0) 
151413121110 9 6 27 65432 3 0 


MASK 
REGISTER O 


NOILVU3SdO JO AYOSHL 


Tre mput ‘Output section decodes the device address. anc 
cerirolg Gata transfers to the mask register and trom the 
Psiructon acdress regster The |.O section also gates the 
interrupt address on the: O bus. 


4.4.1 Error Sequences 


Tne MP prevents (1) modification of the cantents of pro- 
tectes areas of memory by instructions in unprotectec 
areas. (2) program entry into protected areas of memory 
while executing programs in unprotected areas. and (3) 
loss of computer contro! by protected-area programs to 
unprotected-area programs Any attempt to accomplisn one 
or more of these conditions is detected as an MP error 
condition. Tapies 4-5 and 4<6 snow the MP error conditions 
Possible under various circumsiances. 


&a instruction i$ @ protected instruction if tne first (or 
CAly} word ig im a pretected area of memory By definition. 
ng MP error coneitiens can exist during tne execution of 
SUCR AN instruction nor can they exist during the execution 
cf ar imstructiam on a protected area that indirectly 
references an unsrotecied address. 


Since the application of pipelining techniques makes it 
iImMpessible tO associate drecsty the address status with the 
ms’ruction Berg decoded. two flip flaps (BANPT and 
BINPT) keep track of address status for later use in error 
checking BANPT sets when an instruction from an 
uAprotected memery address is placed in (Re imsiruction 
reg ster BINFT sets when an insiructian 's decoded while 
BANPT :5 set 


RALT ERROR: Tris conditian exists when a HLT instruc 
tor :s atternpted fromm an unprotected area or when 2 HLT 
i§ attempted from any area via an execulion instruction 
l@cated if an unprotected area (Flowever an execution 
INSiruction iN a protected area can execute a HLT located 
IN amy area) Upon detection of a halt error tne HLT 
completes. the CPL is interrupted to 020 ana ~.its after 
te'ching the instruction at this address The error detection 
Causes the MP to hold its start signal (OINT =) true until 
completion of tne interrupt Thus. the CPU immediatety 
reenters RUN mode after halting. NOTE A manual halt using 
the STEP switch on the control panel cannot be detected 
by the MF 


OVERFLOW ERROR: This condition exists when a single 
word instruction. or esther word of a two word instruction. 
1S IM the last location of an unprotected area and the first 
word of the next instruction les in sequence in the next 
area which is protected (Note that, when the last location 
of an unprotected area contains the second word of a jump. 
indexed jump, jumMP-and-Mark, jumMp-and-set return. or bdit- 
fast instruction for which the jump condition is met, an 
overfiow error condition does not exist When an overtlow 
error is detected. the last instruction in the unprotected 
area completes. the next instruction in sequence is not 
executed, and the processor is interrupted to 030. 
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1.0 ERROR: This condition ex:sts whem a single word | O 
INStruUctION. or itMe first word e¢ 3a deuble-word | O 
INStrUcTION. i$ 1M aN UNpProtected area or if execution of an 
1 Q instruction tocated im any area ig atremoted via an 
@zecution instruction located in urerstectec area (How- 
ever, am @xecution instruction if a protected area can 
execute an 1-0 instruction locatec = ary area. When an 
10 error is detected. the | O instruction in process 
compietes. However. in aii such cases | O contre! com 
mands and data transfers between tme processor and 
peripheral controllers are inhibited Thus tme contents cf 
memory and of registers 4 B ang X remain unmodified by 
thei, Oinstruction This is accomotsned Sy noiding QINT= 
true. Upon completion of the insiruction tre processor i$ 
interrupted to 022 


WRITING ERROR: This conditien agpiies anty to instruc 
trons that write inte memory (operand storage instructions) 
and 13 defined as existing when an instruction attempts to 
write into &@ protected area and ether the singie word 
instruetion. er the first word of a double word instruction 
iS 1M an uNprotected area. or the instruction attempting to 
wete i$ being executed as a result of an execution 
INStruction IN an unprotected area. (However an execution 
instruction iM a protected area can execute a writing 
iMstruction IM any area.) 


For an immediate instruction a writing error exists only 
when the firs? word i§ if am unorotected area anc tre 
second word i$ in a protected area 


All aperand store instructions end wit” an aperand storage 
cycle. during which weting errors cam be detected All 
memory cycies addressing protectec memcr, frem umere 
tected memory will be changed unconc:tionan, ta rege: rg 
cycles To change a writing cycle tc 2 reading cycie tne 
read write (MWLY= MWRY=) inputs to tne memor, are 
pulled dawn to nearly OV 


When a weite error is detected. the instruction im srocess 
compietes However (he writimg cycie is cnangec to 8 
reading cycle {6 prevent moditicaticn of memory The 
contents of registers A. 8. and X remain unatected Joon 
completion of the instruction the processor 1s interrupted to 
024 


JUMP ERROR: This condition apples only to a jume 
indexed jump. jump-and-mark jump and set return bit. 
test. or ship-on- register equal instructions and exists when 
an attempt is made to jump or skip to a protected area and 
the first word of the instruction hes in an unprotected area 


The jump, indexed-jumo, jump-and-set-return, and bit-rest 
INStrUETIONS each ends in an adaressing cycie, and tne skip- 
on-registers-equal (SRE) instruction ends in a special skip 
evcie. The final (effective) address is not available unti rhe 
final address is on the memory bus during the first memory 
cycie following the jump address cycie. 


For the conditional jump instructions in the case where the 
jump condition is not met, a jump error cannot occur 
However, an overflow error may still occur for this case 
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When a jump error is datected, the instruction in procass 
completes. However, in the case of a jump-and-mark 
instruction, the writing cycle is changed to a reading cycle 


to prevent modification of memory. The contents of 
registers A, B, and X remain unaffected. The processor is 
interrupted fo 026. Upon completion af the instruction. 


Table 4-5, MP Error Conditions Possible Ouring Single Word Instructions in Unprotected Area 


Error Conditions Possible If: 


Instruction is in unprotected 
area but not in last unpro- 
tected acidress. 


Instruction '$ in 

last address of un- 
protected arz: Next 
segment is crctacted. 


Single-Word Always Under cortain © Always Under certain 
Instructian possible canditiom possible conditions 
etait (RILT) a “ ) ce 
1Q | “ 1.Q 
Ctner Non.ad- - . Q 
aressing 
' Addressing (Read) - - 0 
Addressing (Write “ w oma Ww 
or INF) ; 


he = Palt error 

OQ = Overflow error 
W = Writing error 
| = 1-Q error 


Table 4-6. MP Errar Canditions Possibie Quring Double Word Instructions in Unprotected Area 
Error Conditions Possible It: 


Bath wards are in 
unprotected area 
Out nether is in 
the last address. 


First word i$ in 
tne fast address 
of an unprotected 
area and the next 
area '$ protected 


Secand word 

i$ in the last 
address of an 
unoratected area 
and the next 
area '$ ungpro- 


tected. 
Oouble-Ward Always Under Always Under Always Under 
Instruction nossible cartain possible certain possible certain 
candi-e candi- candi- 
* tians tions tians 
1 QO | 1.0 1.Q 
Extended (Read) Q fe) 
Extended (Write . Ww 0} N fe) W 
ar iNRE) 
fcantinued) 
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Table 4-6. MP Error Conditions Possible During Double Word instructions in Unprotected Area (continued) 


DeubleWord Always Under 


instruction possible certain 
eondi- 
tiens 
immediate (Read) ve is 
immediate (Write “ os 
or INRI) 
Execution (con- . ve 
aitien met) (not 
simul- 
tane. 
ously) 


Execution (con- 
ditian mot met) 


Jump. Jump-and- “ J 
Mark. indexed 

Jump. Jump-and- 

Set-Return, or 

Bit Test (con- 

ditian met) 


Jump. Jump-and- ° ° 
Mark. or Git Test 

(cenditian not 

met) 


Skip on Registers 0 J 
Equal (condition 
met) 


Skip on Registers 
Equal (condition 
not met) 


HH « Halt error 
O = Overtlow error 
| « 1/0 error 
W = Writing error 


4.4.2 Circuit Description 


To better understand the function of the MP circuits 
described in this section, refer to the error sequences 
(section 441), programming considerations (section 
443), mnemonics (section 6), and logic diagram 9180401 
(system documentation package). 


The mask register flip-flops store the pratected/unpro- 
tected status of each 512-word segment of memory If a 
‘flip-flop is set, the corresponding memory segment 1s 


Always Under Aiwavs Under 
possible certain possibie | certain 
: 7 condi cond: 
tiens tlens 
0 0 
OW 0 
& 
0 a ra pt or 
0.1 
ie] * (9) 
i@) d d 
12) ° Q 
J.O ° J 
0 0 


protected. A memory segment is unprotected when the 
corresponding mask-register flip-flop 1s reset (figures 4.26 
and 4-27). 


There are four 16-b1t mask registers. An external control 
instruction selects the register to be loaded. A data. 
transfer-out instruction then transfers 16 bits of data to 
the selected register via the option bus (QB00 through 
QB15). NOTE: The mask register cannot be read back to 
the processor 
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The segment-address status logic decodes memory ad- 
Gress bus bits 9 tNrough 12 (MYAN9X—= tnrough MYA12X—), 
and then ANOs the result with the mask-register outsuts 
(BMRQO + througn BMA15 + ) selected in the mask register 
by the highest-order three bits (MYA13X— through 
MYA1§X—) of the address. The ANOing resuitsin BSPRO =, 
witch, if true, indicates that tne selected memory segment 
i$ protected. BSPAO = goes to the address sequencer. 


The instruction-address register stores the memory- 
address bus ots (MYAQGO * through MYAi5~+) on the 
Negative transition of the address-not-oratected signal 
(GKIAR=) and outputs the resuit (BIAQO+ through 
BIALS «) to the! O bus drivers. 


4.4.3 Programming 


' se of che MP oresumes the existence of a protected-area 
a@xecutive sragram ta contrat the assignment of mernary 
areas. The interrugt adcresses and error subroutines alsa 
reside in procected areas. Thus, the firse segment of the 
man memory !Q00 thraugh 777) is normally crotected, 
Nee it cantains the address specified by the interrupts. 


All -etarrugt. OMA. and PMA operations are independent 
at the sragram Trarstore. mane of (hese operations have 
orgie3°ed directly fromm a protected or an unprotected 
rremery area However. all | © operations are initiated by 
tre aveculive orogram. which resides in a protected area. 
For tmis reason. interrupt. OMA. and PMA ogerations 
argimata fram a protectad area and are not resinmcted By 
ima SIP Tre arecutive program ensures that tne memory 
1¢7938 fromm these three sources i$ (0 (he proper address. 


Jetectan af a jump error 1s inhioited during am interrupt 
searaton Tis allows a juego te a Subroutine in a protected 


1793 aPan 3m interrupt occurs while execuling a program in 
AN ur arstectad area. 


INTERRUPT INHISITION: The standard computer without 
“19 “cag -Of cecegniZe interruots fallawing (he execution of 
Wy 


3 mie 
5) Shiftimstruction 


: F-egteuction 


faa 


Gd Doudle-word instruction 


“Auitrone stan instructian 
ft 2. son .nstructian 


g ‘rstructan executed in STEP mode 


With MP, interrupts are recognized immediately following 
all instructions except: 


a. Halt (HLT). 
b. Any external contrat (EXC) 1/0 instruction 


c. Any execution instruction (i.e interrupts will not be 
recognized between an execution instruction and the 
instruction executed by that instruction if the candi- 
tion is met, nor between the execute instruction and 
the instruction follawing in sequence if the condition 
i$ NOt Met). 


@. Any instruction executed in STEP mode. 


NOTE: €rror interrupts from the MP are cot inhibited by 
any of the above. 


STEP MOOE: The MP can detect any error candition 
while the pragram is being stepped (nrough by (he ocerator 
frort the cantral panel. if an error interrupt occurs during 
ene manual step the resulting interruat subroutine wil De 
entered during the following manual step. 


MEMORY WRAP-ARQUNO: The comouter has 3a wrap- 
around capability ta address zera when the memory size is 
4K. 8K, LGK or 32K. (For other memory sizes. the CPU 
attempts (6 read fram non existent memory when the 
memory size is exceeded). The MP aces nat nave is wrap 
around capagility. However, it 1s Mot normally desiragie to 
attempt ta jump to or write inte locatians in mori existent 
memory. Therefore, all memory segments whose addresses 
exceed (he existing memory size sMould be designated as 
protected. In this way, any jump. overfiaw, ar store from 
wnorotected area (oO Non-existent memary 's detected as an 
error. It «4 assumed that srograms in protected area are 
totally debugged. and thus that no attempt to enter or 
write Inte non-existent memory will Se made tram a 
protected area. 


PRIORITY: The MP has the highest oriority positian in the 
external device priority chain of the system. Thus. when tne 
MIP is present. the power failuresrestart (PF R) (if also 
present) has second oriority. This cevers the case where 
MP error interrupt request and a PF R request occur 
simultaneously. With the MP Raving Migmest priority. the 
processor is interrupted first to the MP error sudrouline 
only ta be immediately interrugted out to (he pawer dawn 
suoroutine. No further testing of sudroutines cam occur 
sinca the PF/R retains priority (Rraugnout the gawer-down 
subroutine. When power :s restored, the oracessar returns 
to the MF error subroutine after execution of the sawer-u9 
subroutine. Fad (he priorities of the two aptions been 
reversed, (he MP error subroutine would not have deen 
entered, and the CPU would Nave no valid lacation to which 
ta return sinca during power-up the error interrupt wouid 
be lost and the program beng executed contains an 
" error” 7 : 


ERROR INTERRUPT AOORESSES: The interrupt ad. 
dresses assigned to MP error interrupts are listed in table 
4.7 


Tabie 4-7. Interrupt Addresses for MP Errors 


Error interrupt Address 
HALT 020 
OVERFLOW 030 
19 022 
WRITING 024 
JUMP .026 


OPERATION IN PROTECTED AREA: When leaving a 
protectec area to enter an unprotected area the next-to- 
last location (1@ the one preceding the jump type instruc. 
tran jot the exit subroutine must be an enabie-MP instruc. 
tion If the unprotected area 1s entered by “ overflowing” 
from the protected area. the fast instruction in tne 
prstected area must be an enabie- MP instruction 


{-O INSTRUCTIONS: The | © instructions for program. 
med communieation between the MP and the CPU are 
tisted in table 48 


(4 PUNCTIONS: To load ene af the four 16-0it mask 
regrsters, first setect (he register using the proper select-mask- 
register external-control ‘nstructian. Any one of the three 
available Gatactransfer-out iAstructiOns cam than be issued 16 
load the mask reg:ster. NOTE: The MP need nat be enadled 
t@ Gad 8 mask register. 


MP error detection is enabled by the enable-MP externa. 
control instruction. Detection is disabled by the disable- MP 
instruction, by CPU acknowledgment of an MP error 
interrupt, of a true system-reset signal from the control 
panel or power supply. 


The enabled status of the MP :s lost when power fails 
When power is restored the MP is automatically disabled 
by system reset from the power supply The contents of the 
mask registers are reimstated prior to reenabling the MP 


The address (plus 1) of the instruction during which the 
error was detected can be transferred to the processor 
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uSINg any one of the five data trans‘er insirust sms 7M 
Capability is provided for use during the errcr §u5°s.' “es 


One means of returning te the executive programs 1% a 
pratected area upon completion of the pregeam berg 
executed in an unprotected area is to progeas: a uh 16 a 
previously assigned address in the protected are3 Ths 
creates an MP. error condition The jump error sosrcutie 
then allows the jump to occur upon recsgtice cf ime 
special jump address 


4.5 MEMORY PARITY 


- The three main blocks of the memory part, c¢stsn 


(PARITY) are the parity gemerater checker contro! ices 
and interrupt logic (figure 4-28) Inputs te PAF TY incicge 
the memory data bus. memory writing-cortre’ lines 
rnemory-completed line. and | © bus signals 


4.5.1 Circuit Description 


To better understand the memory parity circus Sescrides 
in ims section. refer to the DlocK diagram +f ‘ 3u:°e <-28 
logic gragram 9180401 (system cocumentat:or Pacnsce 
ane the mnemonics list (Section 6) 


The parity generater/checker checks odd parity ‘in an 
quiput (read) sequence and generaies odd parity in an 
mput (write) sequence Ouring input. MWPY + and 
MWLY +» are high The ninth bits. (EINR = EINL =) into 
the parity generator checkers are high and if all of the 
merory bus data Bits (MYDO0= through MYDS) are 
tugh. there are high outputs EWRPR = and EWLPR @ 
These high outputs generate parity fer right ang left Bytes 
te memery en lines MYD16= (low) and MYDi7= (low) 
respectively QOuring output. MWRY+ and MWLY= are 
low. Either EINR = of EINL + cam be high or low 
depending upon the previous states of MYYO1G- ang 
MYO 7=. If MYO1G produces an even number of laws an 
the parity generator/checker input. then EWRPR + 1s high 
and there is no outpul parity error on the right byte 


Table 4-8. MP 1/0 Instructions 


Instruction Type 


External Control 100045 
100145 
100245 
100345 


100645 
100745 


Data Transter 102545 
102648 


102145 
102245 
102045 
103145 
103245 
103045 


Sense eee 


Octal Code 


Function 


Seiect mask register 0 
Select mask register | 
Select mask register 2 
Select mask register 3 


Enable memory protection 
Oisabie mernory protection 


Clear and input to A From 
register Instruction 

Clear and input to B Address 
register _ Register 


Input to A register 
Input to B register 
Input to memory 


Output from A register To 
Output from 8 register Mask 
Qutput from memory Register 
None 
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Figure 4-28. Parity Option 


Analogous arguments apply ta a parity check of the left 
byte. In enther case, if there is am odd number of lows on 
the parity generator/checker input, EWRPR +» and/or 
EWLPR + goes low, depending cn the byte, to produce an 
Output parity error. 


The contrat logic contains the parity-enabling flip-flop and 
cantrols error detection. If there 1s a parity error on enter 
the right byte (EWRPR + low) or left byte (EWLPR + low), 
the parity-errar flig-flop seat ingut goes migh. The high-to-low 
transition of the delayed clock pulse (EXROO=) sets the 
parity error flip-flop signal ERER + high to flag the parity 
error. There is a delay line between EKRO- and EKROO=- 
to permit parity ripple through the parity tree. The clack- 
enaoling pulse «$s generated when there is na PMA 
Operation (MAKO= Mrgh). A check on the left and right 
bytes 1$ activated (EROR*» and EROL + high), and 
memory acknowledgment (YONME +) is high. Then, when 
the memory puise YONME » gces low, EXRO= goes low to 
clock the parity-error flio-flog. A direct reset of the parity: 
error thp-flog :s activated oy ERERR going low. 


The interrupt logic controls the interrupt cycte and acti- 
vates (Ne davica and interrupt address lagic. When a parity 
error ‘3 generated (EREA + mig), the parity-interrupt fho- 
top set outout signal EINT + goes Mignh on the nign-ta- 
low transition of the interrugt clock (QIUCX +). If both tne 
migher-priority intarruots (PF Rand memary protection) are 
inactive (FINTE= and SINTE-= migh), a parity-interrupt 
request (OIUAX— iow) is gated onto the cotion bus. When 
the processor returns (ne interrupt. acxnowledgment signal 
OIUAX + Migh. the party-nterrupt address (EAOO3— 
tnrougn EAO07—) 1s gated out through (me oetian bus and 
tnen onto tne | O dus ta [he grocessor (the garticular 
interrupt address i's predetermiried By jumpers. At this same 
time, set-nput signal E|OOS + goes nigh ta enadie the last 
Qart of (he interrupt cycle on the positive edge of inter- 
rupt-address clock signai OFA YX » When clocked. resat 
outout EIOO— goes low {0 reset the parity-error tip-top 
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(ERERA— law) and turn off the parity-interrust request 
(CIUAX— high). Set cutout EIOO + resets tne parity-inter- 
rut flip-flop. With the return of the migh-to-iow transition 
of interrupt clock QIUCX +. EINT + goes low to OC reset 
tne E100 flip-top. The memory-parity priority is estaniisred 
500 microseconds after the power-up sequence is com- 
plated (FOS= nigh). provided EINS + 1s nigh (no PF. RF or 
mamory protection active). the parity interruct flip-fog is 
nat set (EINT= high). This makes PANE= low, which sig- 
Nals oriarity to the procassor via the | O ous. PANE— can 
da jumpered to any one of the priority lines PAIX <i tnraugn 
PROX. The memory-parity device adcress ‘3 decoded 
trom 8FAO +, O808—, O811—. and O807— to produce 
parity-enabling interrupt clock EKENB + Wren O806— is 
migh. tne positive edge of EXENS + clocks (he resal cutout 
(EENB +) of the decoding tip-top low. and ths resets ine 
panty-error tlig-tlop. PARITY can be harcware-disadied Sy 
tying €39 toa E40 with a soicered wire jumper far easy 
maintenance. 


NOTE: Parity is generated and checked on/y on (the bus 
connected ta the processor. |€ 1s Not passibie ta perform ts 
function on both buses. 


4.5.2 Programming 


The device address for PARITY 1s 245. There are two 
external cantrol instructions tmat emahie (C45) and 
disable (0545) parity. Parity is generated and crecked. out 
an interrupt 1$ not generated if PARITY is disabled. 


The interrupt address is patcn-selectable over the ranges 
C0000 through 00370. modula O10. 


4.6 PRIORITY MEMORY ACCESS 


The PMA is divided into functional circuits: contrat. grrarity, 
cata transfer, data drivers, inout data receivers, and address 
receivers. |t Operates in a 620-comcatibie mode. 


Tre centro! logic determines priority for the four input 
channels provices enabling signals to tne other functional 
BIOGKS fulleimterloek Cantra: of tne four input enannels. and 
Contra! signal interface with the memory access logic 


Tre sreerity logic assigms priority to the four PMA channels 
om a hardware basis and controls the cnannel-acknowiedg- 
ment times Channel one has the highest priority and 
channe@i four the lowest The priority logic constantly 
mancters tme four cnannets When & request is recenved. 
priority 1$ establismed and the proper acknowledgment line 
§ eradied The prierity loge checks prionty when 
ACKEN@= 18 recewed from the data transfer logic. This 
32.10WS & higher priority channel request between each PMA 
memory cycle even {a igwer priority cnannel i$ requesting 
econsecutive memor, cycles !f a higher priority channe! 
leaves {8 vequest ematied ail lower orionty channels are 
lccked out 


The data tramster log:c controls the flow cf data through 
the PPh 


The egnieen data drivers and enghteen inout data 
reacevers orceide ime gating and intertace between ine data 
bute (Ox: and time PMA 16 bit Didirectianal gata bus 
(PO « } 

AP le 


The eghteen address butters (ABxx) provide gating and 
intertace Detween the memory address bus (MYAxx) and 
the PMA address Sus (Phas, The mest significant and 
leasi significant ots of the PMA data and address buses 
COrresseng [6 ine mos sigriiicant and feast significant bits 
of (ne memory data and address buses respectively 


4.6.1 PMA Option/Controller Interface 


The faur PMA option channels share the 20-o1t address 
bus 18-ort Ordireczional data bus and tne READ. SYAT=P 
PMAS and GO lines Each cnanne has its own request 
(RECa—) and acxnowieagment (ACKx-=) lines 


The PME contreier provides interfacing synehranization 
between the 1 Q device and the PMA The controller 
frovides BuMering te preven! memory rate reduction if 
program initiated Dlock Gata transfers are desired the 
PMA controller can aiso interface with the external ! O bus. 
In this instance tme PMA controller is sent an inetial 
address and piock jength via the | O bus The controler 
interrupts the program when tne bDiock transfer is 
completed 


Figure 429 snows typical control-line out circuitry. 4-30 
bidirectional bus circuitry. and 4 31 address or controal-tine- 
in circuitry 


No more than eght controtlers can tie onto the PMA 
option They can be distributed among the four channeis in 
any manner 


Maximum cabie length is 20 feet (6 meters). The cabie 
tvpicaily m a pair of 40-conductor flat ribbon cabies. 
Termination resistors are mounted an the PMA option board. 
On the last controlier there is a termination shoe at the end 
of the cabie. 
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4.6.2 Timing 


The timing for PMA output (reading. anc input (writing) I$ 
explained im thts section. 


PMA output (Reading): in a reading operation (figure 4-32). 
when a request (REQx=—) from a controler is received. 
priority is first establisned. The PMA can operate with (ne 
exclusive use of a Memory port. in which case memory 
priority is absolute and immecate This mode is hardwired 
if By a jumper trom E89 to E90 that grounds ACKy= The 
PMA can aiso share a memory port in when case PMA 
sends OROM = to the processor requesting memory ac- 
cess When the acknowledgment (MAKQO =) is recerved 
the port will be free for the PMA on the following cycie 


Tne PMA then sets the proper PMA acknowleagment 
(ACKx-) and sends a PMA memory-request (OROM—) The 
PMA controlier gates the memory address (PAxx =) onto 
the PMA aderess Bus. anc makes READ = true and enabies 
GOQ—= The PMA waits for GO and tne memory access 
logic to respond with the memory acknowlecgment signal 
Tren the reac fiip-tles (AREAO). memory-address buffer 
(MYABxx =), and memory-oort request (MAQY=) are put 
on the memory bus tO await the memory-compiete 
(YONM=). YONM= resets AGKz= removes tne PMA ad- 
dress from the memory Bus. and resets tne PMA memory- 
request if (there are no other requests Then YONM-= gates 


the memory outout data to the PMA buffer (O8xx) and sends 


the data in the Gata buffer te the PMA data bus (POxx ~ ) 
The trailing edge of ACKx—= tells tne PMA controlier trat 
the data on the PMA Bidirectional bus (POxx = ) are stable 
for at least 7§ nanoseconds Except when using tne con- 
tinueus-request (HOG) ine. the contraier removes aii 
signals from the PMA option interface (including GO—) 
when ACKx= goes {aise 


PMA Ingut (Writing): A PMA writing operation (figure 4.33) 
i$ sumular to reading. However, the PMA option output data 
i$ Mot gated te the PMA bus (POxx) and READ= remains 
faise Input data to memery are gated onte the PMA 
bidirectional bus (POxx= ) when the address is gated onto 
the PMA address bus (MYAGxux =) The PMA in turn gates 
the data into the data buffer (OBxx) when the meme:. 
address 1s gated into the address buffer (AGxx) The return 
at YONM + trom memory completes the operation. 


PMA Continuous-Request (HOG) Line: When a PMA con- 
troller 1s requesting consecutive memory cycles. its request 
line (REQx—) remains true The basic sequence remains 
unchanged, inciuding the determination of priority preced- 
ing each cycle. After the previous acknowledgment nas 
Cleared, the PMA responds in 165 nanoseconds with an- 
other ACK x= if the request line remains true and no higher 
priority Gevice 1s active. By delaying GO— after ACKx— 
iS received, the memory Cycling is syncnronized to con- 
troller demand. Normally. during the delay between ACKx= 
and GO-. the determination of PMA cnannei priority ree 
quests is suspended. The controller can force memory to 
appear busy on port A by activating the continuous-request 
line (HOG--). Priority now stays with port B even if it is 
die. This reduces PMA latency times. 
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4.6.3 Circuit Description 


TRS section describes the circuits indicated in the PMA 
BIOCK diagram (figure 4-34) and logic diagram 9180401 
(system documentation package). 


REQUEST ANO ACKNOWLEDGMENT: The request anc 
acknowledgment logic consists of four channels that have 
nardware-assigned priorities in the sequence channe! 1 
througn cnannei 4. 


Channel priority s determined by gating the output of the 
tour channel flip-flops ARQ] through ARQ4 These are set 
by the request signals REQI= through REQ4. respectively. 
on the 82-nanosecond clock AK82=. if more than one 
request sigrial is true the parity gating determines which 
one of these signals i$ to be next copied ante one of the 
acknowledgment fip-tloos ACKI through ACK4. thus 
Producing ome of the acknawledgment signals ACKi- 
through ACK4= inverted fram the flip-flop set outputs 
ACK] » through ACKS » . 


CONTROL ANO CLOCK LOGIC: The control and clack loge 
has four non-inverting receivers that accept control signals 
HOG-. PMFIS-. GO=. and READ~. 


HOG= true gates the memory-port override signal MHGY- 
or MHMY= from PMA to memory if there is no power 
faiiure (FINTE= righ) 


A controller resets the PMA by enabling PMRS=. which 
gates reset signal ARST= low to reset the request. memory. 
and data sequencer flip-flops. 


Tre PMA cotion receives the controller acknowledgment 
(GO ), activating the request and memory sequencer logic 


The PMA bus contro! signal READ= gates READA= and 
sets the memory access mode (read. write) for 2 given 
transter 


The three free running common logic clocks MOCLK=. 
LK82+. and MFCO* produce clock signals AK4] +. 
AK822. and AKI65~ respectively The numbers in the 
cloch signal mnemonics indicate noanosecands. AK165 + 
derived trom the processor clock. is constantly being 
phased by processor memory control and 1s synchronous 
with all Orocessor operations. AK4] + and AK82 + have no 
phase relation ta AK165 ~. 


REQUEST SEQUENCER: The three-stage request se- 
Quencer is composed of flip-floos that are triggered on the 
high-to-low transition of the free-running 82-nanosecond 
clack (AK82 + ). 


The request-sequencer set cutout (ARF1+) goes high 
when: (1) a request is present (ARQ + high), (2) there is no 
power faidure (FINTE= high). (3) the request-sequencer 
decoder is idle (AROC! + high). and (4) a PMA controller 
acknowledgment is not active (AGO~ high). 


ARF2 + goes high when memory-sequencer signal AMIS + 
is high 
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The request-sequencer set output (ARF3) goes low at the 
same time as fiip-fiep 2. It 1s used only in the write mode. 
In read mode the set is blocked by READAs high The 
request sequencer flip-flops are reset by ARIR + being high 
when a clock pulse AX82 + is present. 


The memory priority request delay flip-flop set output 
(AROQ +) is enabled when ARIS + goes high. It is clocked 
by AK82+. AROQ= low (or ARIS= low) then makes the 
165-nanosecond request flip-flop set output (ORQM = ) high 
on the high-to-low transition of clock AK165 +. ORQM= low 
ig (he memory-priority request. 


All request-sequencer flip-flops are cleared by ARST= (reset 
PMA). 


MEMORY SEQUENCER: The three stage flip-flop memory 
sequencer is clocked on the free-running 4]-manasecond 
clock (AK41] +). This Jonnson counter progresses through 
$ix States during each memory sequence 


The memory-port request (MRQY= ) 1s output when the (irst 
memory-sequencer flip-flop set output (AMF1 +) ts made 
high by AMIS +. AMIS + goes high when (1) the PMA has 
memory-port priority (AACKA + high). (2) the PMA GO 
signal (AGQ + ) is high. and (3) memory-sequencer flip-flops 
2 and 3 are off (AMF2= and AMF3= high) The first tip-top 
is reset by AMDC? + when ail three flip-flops are set 
(AMP +, AMF2~, and AMF3 ign) and AK82 « is high 


The memory-sequencer flip-flop 2 set output (AMF2 = ) goes 
high when fhp-flop 1 1s set (AMF! © high) and flip-flags 2 
and 3 are both off (AMF2= and AMF3~ high) At the same 
time, the memory-sequencer signal AMDCI~ 1s activated. 
Flip-flop 2 resets at the next clock pulse after flip-flop 1 is 
reset. 


The fhie-flop 3 set output (AMF3 = ) goes high when the first 
two flip-flops are set (AMF1 + and AMF2 = fmigh), AMF3~= 
is Figh. and the mermory-sequence complete signal 
(ADON + ) ts Righ It ts reset on the next clock pulse after 
flip-tiop 2 1s reset. 


The memory-sequencer-idie and PMA address and data- 


buffer clock signais are activated when the memory 
sequencer goes off (AMFl= , AMF2=, and AMF2= high). 


The enable PMA memory-port signal (AACKA + ) ts active 
when the memory priority request flip-flops (AROQ + and 
ORQM +), and the memory-priority-acknowledgment signal 
(MAKQ +) are ail high. ACKJ- (jumpered to ground) 
enabies AACKA + if no other user is one the memory pert. 


The low PMA bus output-recerved signal (READ=) is 
clocked by the low-to-high transition of AMF2 + to produce 
set output (AREAD= ) low. innibiting AMDEN +. The high 
reset output (AREAD +) enables the memory bus signals 
tor input when AACKA + is high. These signais are iow for 
output (read) operations. 


The PMA controller acknowiedgment-received signal GOA + 
is defayed 30-nanoseconds (GOAO +) to set the PMA GO. 
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tlip- flop set output pulse AGO+ high. The flip-flop ts 
clocked on the high to low transition of AK4] «+. When 
AMF] + is Nigh, AGOL + goes high to reset the AGO = ‘flip. 
flep The AGOL + flip-flop is reset when there is no PMA 
controller acknowledgment received (GOA= high) and the 
first memory sequencer flip-flop is reset (AMF l= high). This 
dual fiip-flop latching circuitry ensures that only one GO 
signal occurs for every PMA request. 


DATA SEQUENCER: The three-stage data sequencer flip. 
flops are clocked by the free-running 4i-nanasecond clock 
(AK412 ) and the 82-nanosecond ciock (AK82 +). The data 
sequencer starts when the memory-sequencer signal 
AMOC7 + 14 high and AREAD + is received. This produces 
data-sequencer signal AOLS+ high. which sets flip-flop 
AOPFI. At the same time. reset output ADF. low gates PMA 
data-bus enabling signal APOEN +. 


The second fhp-flos set output signal AOF2+ goes righ 
when ADF! » and ADON= (memory sequence incomplete) 
are high This resets the first flip-flop and sets the third 
the-flep (ADF2= low). ADF2 low enabies the PMA Gata 
bus. The second fiip-flop is reset by AD2S + low and 
AK4l- going high The first two flip-flops can also be 
cleared by the low reset PMA signal (ARST= ). 


The memory data buffer ciock (AKMD ~ ) is active when a 
memory sequence is incomplete (ADDON + high) and 
ADFi = 1s high. The memory-sequence complete signal :s 
YONME 


ADORESS BUFFER: The inouts to the address buffer consist 
of the PMA address-bus Signals (PAQQ + thraugn PAI19 + ) 
tram) (ne selected controller These 20 signals go througn 
separate non-inverting receivers (6 three gix-dit latches 
When the PMA address clock (AMOCGi-) goes low. the 
latenes are set by the incoming signals. 
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The memory-address signais (MYABOC = through 
MYABOS+, MYPMOS+ through MYPMIS+ and 
MYKi6<+ through MYKI9+) are then gated out tc the 
memory bus when the PMA has memory-port priority 
(AACKA » high). 


DATA BUFFER: The data buffer nas 18 data drivers and 18 
data receivers that provide an interface between the 
memory bus and the 18-bit bidirectional data bus. 


During writing. data signais POOC + through PO17 = enter 
the data buffer from tne active controller Each of the 18 
signals goes through a separate, non-inverting receiver to 
set one of the 18 flip-flops on the low-ta-righ transition of 
AMOCi-. 


Oata signais MYODB0O through MYDBi7= are then gatec 
out ta the memory bus when the memory data Bus enable 
(AMDEN + ) goes high 


During reading, data signals MYOBOO- through MYOB17= 
enter the data butter from the memory bus These 18 cata 
signals set the three sizx-bit latches wnen the memory data 


buffer clock (AKMO+) goes low The inverted signats 
ADGOL + througn ADIL7L + are reinverted and tnen gated 
onte the bidirectional data bus when the PMA enable data 
Bus signal (APOEN + ) goes righ 


4.6.4 Programming 


Pregram control of devices that utilize PMA memory cycles 
OGEUrs exclusively between ihe processor and the indivicual 
device controiiers attached to the PMA channeis Tris 
eentrol is througn the | © bus. 
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SECTION 5 
MAINTENANCE 


The option board common-logic is exercised by testing the 
Mdividual OptIOENsS and Nas no maintenance procedures of 
tS Gwn 


5.1 TELETYPE CONTROLLER 


TC maintenance consists of running test orograms 
troublesrooting and maning repairs if required The test 
executive program and TTY test program descrided inthe 
MAINTAIN Itt manyal. in conjunction with the V70 Series 
processor maintenance manual. help isolate an error 
condition Troublesnooting.:s faciitated by familiarization 
with the operation of tne TC and use of tne logic diagram 
This. section provides troublesnooting data. program tests 
and a thst of reference documents to be used as 
maintenance aids 


5.1.1 Equipment 


The tollowing is a list of recommended test equipment for 
maintaining the TC 


a Oscilloscope. Tektronix type 547 


b Multimeter. Tripiett type 630 


5.1.2 Test Programs 


The condition of the TTY unit should be periodically 
chechec using program tests These tesis for TC and TTY 
are provusied as part of the reguiar troubleshooting 
package 


NOTE 


One section of the TTY test program for ASR 
modeis inciudes a print suppression test. The 33 
ASR does not perform this function, so this test 
program should be bypassed when testing the 
33 ASR (refer to the MAINTAIN [il manual). 


The TTY test program is a good diagnostic aid because the 
Gata being sent are orinted out and can be analyzed. Also. 
known input patterns can be generated (via keyboard or 
paper tape) and data can be analyzed in the comouter or 
returned to the TTY for printed analysis. If for some 
reason, such as PTR fatlure, the test program tapes cannot 
be read. a simpie input/output program for verification and 
troubleshooting of tne TTY-TC operation can be entered 


. 
° 


trroug™ the computer control pane! This program (figure 
§ 1) tests keyDeard input and printer output 


a Enter the program througn the contro! pane! 

Bb Turn the TTY to ON-LINE. 

Cc. Program starts at address 00CO0C. 

G Any character input from tne TTY 1s trarsterred cacy °s 
the TTY as ar output from tne processor TC aimest 
immediately. Varicus character patterns ard furs 
tions of tne TTY can be checked by this echce met=sd 

Location Command Description 
e 
Sense read reacy 


If yes. yume to OOGG- 
dump Back te QO0CSS 


00000 101291 
00003 000004 
00002 001006 
00003 000000 


00004 102501 Clear and input TTY enaraccter 
to A register 

60005 10110} Sense write ready 

06006 000011 If yes. jump to OCSi) 

06007 0031600 

00010 000005 . . 

00011 103101 Output A register (ta TC) 

006012 00100¢ Jump Back to OCOOC 

00013 Q0dece , 


Figure 5-1. Basic input Output Test Program 


5.1.3 TC/TTY Troubleshooting 


The TTY units are normally trouble ‘ree and require litte 
attention however if operation is faulty the followmg 
troubles -oting procedures are suggested Visually inspect 
for Draken belts. loose carms or components. loose or pocr!y 
seated connectors. Diown fuses or burned-out carmponents 


NOTE 


The TTY casework is cast and. therefore. 
somewhat fragiie Exercise care when removing 
and remsialling st. 


GARBLING: The following are possible sources of intermit. 
tent character change (printing or sending wrong 
characters). 


TTY Incorrect power supply output 

TTY incorrect motor speed 

TTY Incorrect range adjustment 

nie Incorrect TC frequency 

TTY TC incorrect loop current (too low or too Righ) 
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MOTOR SPEED CHECK: The TIY character output rate 
must be 100 milliseconds per character. The motor speed. 
which is not adjustable, can be checked as follows. 


a. Check TRRA+ with an oscilloscope. Set oscilloscope 
SYNC to positive internal and set scope time to 10 or 20 
msec.cm. 


&. Had down the RUSOUT and REPEAT keys on the TTY 
keyboard. Adjust oscilloscope to observe the TTRA + 
wavetorm. TTRA + shauid set on every stop bit | and 
remain set unti a data-transter-in is completed. The 
time from set to set should be 100 muiliseconds. 
Switc™ ime oscilloscope to observe that 10 characters 
occur each second. If single character time is off By 
more than 2 muilisecands, tiie TTY motor may require 
change. overmaul, readjustment, or ather 
maintenance, 


TROUBLESHOOTING CHECK LIST: If tne TC and TTY are 
“Gt Taeranag 

y Creck vaitages. 

9 Treck cableconnections and board seating. 


2 Crack mat tne TC clock (TCLA +) has a 370- 
m- o73seccnd period. 


4 Check that both optical cougiers are active in normal 
static Nonacerating conaitian tf mot. the source of the 
sroblem may be the TTY. the coupler loop supply. or 
‘ma cotrcal cougier. 


trea TC and TTY mave intermittent praotems: 
2 Crack sottages. 
Oo Creek cable connections arid board seating. 


¢ Ramove and inspect the option board for loose 
carmpanents. poor soider cannectians. and srang-value 
esmgunents. 


4 Check clock timing. 


@ Crack signals across the optical couclers. 


53.2 POWER FAILURE/RESTART 


PF R maintenance consists at rumming the PF/R test 
pragram. trauDlesndoting, and making repairs. if required. 
The PF R test program. described in the MAINTAIN til 
manual (98 A 9952 072), in comunetion with the Varian 70 
Senes maintenance manual, Relos isatate an error cond. 
tion Troubdlesmoating is facilitated oy famubanzation with 
tne operation of the PF/R and use of the logic diagram. 
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§.2.1 Equipment 


The foilawing is a list of recommended test equigment for 
maintaining the PF/R. 


a. Oscilloscope, Tektronix type 547 
tb. Multimeter, Tripiett type 630 
6. Squarewave generator 


d. Autotranstormer, Vartac or equivalent 


5.2.2 Test Program 


The PF R- st program 1s an integral part of Re MAINTAIN 
il test program system. It i$ pravided as part of the regular 
trcublesnooting package. 


PF R operation sMould be periodically checked using (ne 
PF R test program. under (Me cantrol af (me tast executive 
program (92A0107 G01). This test verifies that votatie 
registers and memory are not modified Oy a ‘oss of Jower. 
Malfunctions are reported in the form of error messages 
and or codes. 


The PF R test oregram is deseribad in detail in tre 620 
test programs manual. 


5.2.3 Troubleshooting 


Trquolesmoating the PF R comanses .erficaten af input 
Odewer signal and sertarmance test aarameters and 
marginal ac power. 


INPUT POWER: Verity =5V de 23 percent and cammen 
(ground). 

SIGNAL TEST: Load the PF R test srogram ‘slowing the 
directions given im the 520 test cragrams manual The 
Orcgram respands to dawer down and ccwer uo saquences 
imiated By (me test operator 


PERFORMANCE TEST: Verttying ime sertormance of tne 
PF Rin the computer system requires usa of tre PF R test 
Oragram The 620 test programs manual descrides icading 
An@ operating procedures, expected results. and error 
canditions, In this test. power-dawn power up sequences 
are imtiated by turning power off and on from the 
computer 


MARGINAL ac POWER TEST: To verify tmat tre PF R 
orcperly initiates a2 power down sequence when 3¢ sdwer 's 
welow [(Mresmoid. plug tne ac pawer line into a neavy duty 
autotranstormer, ang run (Me performance test. leaving (ne 
cantrot panel power switen ON. Adjust (he autotranstormer 
tor LLOV ac and slowly change [the voltage to i19dV ac A 
Power down sequence sMould be initiated wnen agul goes 
Datow tnresnaid. 


5.3 REAL-TIME CLOCK 


ATC maintenance consists of running the RTC test 
program troublesnooting. and making repairs if required 
Tre ATC test program described in the MAINTAIN III 
manual (document number 98A 99£2 07x) in conjunction 
with the V70 Series processor maintenance manual. helps 
isolate an error concition Troublesnooting is facilitated 
by familiarization with the operation of tne ATC and use ot 
the logic diagram 


5.3.1 Equipment 


The fcilewing is a list of recommenced test equipment for 
maintaining the RTC. : 


a Oscilloscope Tektronix type $47 


b Multimeter Triplett type 630 


5.3.2 Test Program 


Tre RTC test program is an integral part of the MAINTAIN 
il lest program system It 1s provided as part of the regular 
traubleshocting package 


RTC coeration should be periodically checked with the RTC 
test program. under the control of the fest executive 
program (part number 92A0107.001) The variable interval 
ang memory overflow interrupis and the free-running 
counter are sofiware-timed and tested. Maifunctions are 
reported if the form of error messages and/or codes 


The RTC test program i$ described in detail in the 
MAINTAIN Ii} manual (document number 98 A 9952 07x). 


5.3.3 Troubleshooting 


Trowbleshaating the RTC comorises verification of eritical 
iNDul Power and timing parameters 


INPUT POWER: Verify +5V de +5 percent and common 
(ground) 


SCHMITT-TRIGGER CIRCUIT: Verity 24V rms, 50. or 60-Hz 
2 5 percent sinewave input at PO1-A05 and 50. or 60-Hz = § 
percent squarewave outout at £3. Check that the output 
signal follows the input signal 


EXTERNAL TIMING SOURCE: If a user supplied external 
timing source (TP1) is jumpered to either pin E18 (free. 
running counter) or pin E14 (variable interval counter): 


a. Apoly +5 20.5V de to TPL. Measure +5 2 0.5V de at 
E15. 


b Apply 0.0 2 0 5V de to TP1. Measure 0.0 ¢ 0.5V dc at 
E15. 
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5.4 MEMORY PROTECTION 


MP maintenance consists of running tne MP test program. 
troubleshooting. and making repairs. if required The MP 
test program. described in the MAINTAIN ill manual. in 
conjunction with the V70 Series processor manual. neips 
isolate an error condition Troubleshooting is facilitated 
by familiarization with tne operation of the MP and use of 
the logic diagram 


5.4.1 Equipment 


The following ts the recommended test equipment for 
maintaining the MP 


a Oscilloscope. Tektronix type $47 


6 Multimeter. Triplett type 630 


5.4.2 Test Program 


The MP test program 1s an integral part of the MAINTAIN 
Ii test program system It 1s prowided as part of the réeguiar 
troubleshooting package 


MP operation shauid be checked with the MP test program 
(9240108 002). under the control of the test executive 
program (92A0107-001) MP maifunctions are reported in 
the form of error messages and or codes 


The MP test program. is deseribed im detail in the 
MAINTAIN Ili manual (98 A 9952 07x) 


§.4.3 Troubleshooting 


Turn the computer off open the front panel on its hinges 
connect the option board in the top siot. turn the computer 
On and make the following checks 


INPUT POWER: Verify «5V dc 25 percent and common 
(ground) 


MANUAL TESTS: Pertorming the following manual tests. in 
conjunction with the MP test program ensures a thorough 
test of ine operation of tne MP Betore executing the test 
Subroutines described below. press RESET and set run 
mode. 


MASK REGISTER ADDRESSING. Select a mask register and 
verity that its contents ave not altered by data-transter-out 
operations. 

Address instruction Mnemonic Decription 
000100 100045 EXC 
000101 010113 LDA 
000102 103145 QAR 
000103 010114 LOA 


Select mask register 0 


Load mask register 


(continued) 
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Address Instruction Mnemonic 


QCO1L04 103108 OAR 
OQ010S 103165 OAR 
000106 103155 QAR 
000107 103141 QAR 
Q00110 103147 QAR 
QQOLLI 103144 OAR 
300112 000077 HLT 
200113 0$2525 QATA 
Q00114 125282 OATA 


Description 
Addressing test 1 
Addressing test 2 
Addressing test 3 
Addressing test 4 
Addressing test 5 
Addressing test § 


Begin at address O0O100. After execution of the HLT 
Instruction, verity that the cantents of mask register O are 
052525. 


| O INTERRBUPT CONTROL: Using the sample subroutine 
tescribed Below verity that: 


a “AP narmal pertermanceat thel/O sequence. 


9 Acknowledgment of an MP interrupt request disables — 


“1P unt reenaoled by an | () instruction. 


< No interrupts occur wnen the MP is disabled. even 
amen oragrams containing known errors are executed: 
i$ case. change the contents of address 000124 
1¢ TOSGCO (NOP) far this step only. 


4 BINTE~ 1s Feld false to lock out lower priority external 
tavice cantratlers during an MP. generated interruat. 


Address Instruction Mnemonic 


257922 = =6.01000 JMP 1/0 error interrupt ad- 
dress 


Oescription 


2227230 900124 


720429 = 1SCC4§ Exc Select mask register 0 
JTT12t © SC60L0 LOAI Set up mask 
22it22 GQCcol 
S2o123 1031.45 CAR 
Tigi2s [ocsa5 EXC 
177125 ¢cc1cce Mp 


w--ts9  §=COLLOO 


Laad mask register 
Enable MP 


27h S25209 “OP 
eokee Lo0C3§ EXC 1 O instruction unpre 
tected 

WLLlLs2  €os007 eT 


IMTEIQUBT CONTROL: Varity that tne CPU can be 


staeructad fram 3 program operating in an unprotected 


ar23 [0 3 Sudrouline in a pratected area by a non-MP. 
geceratad interrupt request. Verity that ma errors are 
detected and that the MP does not generate an error 
infarrot request. 


Address Instruction Mnemonic Deseriptun 
2otc caicce aMiPp Contrat panel interrupt 
Liv del Occola address 


PtlStd 0oso0g NCP 
persone occc77 MILT bait after successful test 


eos wren rece] itp Return to unprotected 
area 


Address Instruction Mnemonic 
000013 001140 


Description 


000026 0d0l1c00) 8 6JMP 
000027 000040 


0110040 600777 HLT Halt on test faiure 


000150 10004§ EXC Select mask register 0 
000151 06020 LOB! Set up mask 

0001s2 aocool - 

000153 103265 O8R Load mask register 
COOLS&a 100645 Exc Enable MP 

000188 dO1000 JMP Jump to ungrotected area 
00e1s6 §=6d114d 


OOlLLe40 §=601000 JMP Loop in unprotected area 
OOLL4aL 01140 


Start execution of the subroutine at address (00151. 
Ouring the unprotected-area loop, issue a cantral panel 
interrupt by pressing INT. The sragram snmouid halt wth 
OC0077 in the | register. Ta reenter the loop in the 
unprotected area. press START. 


UNINTERRUPTAGLE INSTRUCTIONS: Verify that mon-MP. 
generated interrupt requests are not recognized by the 
CFU immediately following the execution of noninterrupt- 
able instructions. 


Address Instruction Mnemonic Description 


qdo00eee 901000 JMP Contral pane interrupt 
dQQgedl 000162 address 


000160  CCcéOLd LOAl = Load A register pasitive 
QOO16L 000077 


CiCOL62 100045 Exc External contrat instruc 


tron 

C00té63 © 003Cc04 XAN Execute, condition not 
met 

CCOL64 000077 Looa 


SCOlLE§ 01000 IMP 
(00166 000162 


Start execution of the subrautine at address 000160. 
Ground IURX= on the option beard and. in run mode. 
varity with an oscilloscope that CINT= 1¢ inmbdited during 
HLTO and the execution of the EXC and XEC instrustions. 


STEP MQOE OPERATION: Verity that non. MP generated 
interrupt requests are nat recognized by the CPU immedi. 
ately follawing the execution of a non-MLT. non-EXC, and 
nan XEC instruction in step mode. 


Address Instruction Mnemonic Oeseriptian 


900000 901000 JMP Interrupt address 
ccoool oac0d2 

o0cac2 000007 RL 

906166 001000 JMP Loop at 000166 
000167 000166 


Ground IURX= on the option board and step through tne 
loag at COC 186. Verity that no interrugts cecur. 


5.5 PARITY 


PARITY maintenance consists of troubleshooting and 
making repairs as required. Troubleshooting with the 
oscilloscope and multimeter is facilitated by familiarization 
with the operation of the PARITY and use of the logic 
cagram. 


Test PARITY as follows: 
a. Usea functioning V70 series computer system. 
b. Enable PARITY interrupts. 


6. Output the bit patterns in table 5-1 from processor 
to memory in consecutive locations. Check that tne 
parity bits are in the correct logical states at the time 
that YONM= samples the memory bus. that memory 
bus ting requirements are met anc that no interrupts 
oGeur. 


d. Input the table from memory and enheck that no 
interrupts accur. 


@. Remove jumper clip from bits 16 and 17 at the memory 

word on the option board so that on read-from-memory 

- operations the parity bits to the parity circusts will be 
Zero at ail times. 


f. Input the table again as in (d) and check that 2 parity 
interrupt occurs for each ward input except 8 and 16. 
With an oseillascope check that both EWRPR+ and 
EWLPR + are low at the high-to-low transition of 
EKROO= 


@ Repeat the above tests with interrupts disabled by 
grounding ENTR1i= and check that no interrupts occur 


Table 5-1. 

Byte Left Byte 

Memory Bits 18 14 i3 12 11 #10 9 8 7 
i 13 60 6 0600 1 
2 0 1 1000001 

Word No. 3 090 31 1 0 000 1 
4 0 0 0 1 i000} 
5 0 0 @o0 1 1210021 
6 0 0 0 0 0 1 1310 11 
7 0 0 0°'°0 0 01 21 41 
8 0 6 00 0 00 06 90 
9 Oo 6 0 0 0 90 60 0,1 
10 ’ 1 
1] | 1 
12 1 
13 1 
14 ! i 
15 0 0 0 0 Q 0001 
16631 0 0000000 
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h. Repeat the above tests (¢) through (f) with interrupts 
disabled by grounding ENTRi=- and check that no 
interrupts occur 


1 Repeat the above tests (¢) through (f) with interrupts 
. Gisabled by the system reset on the front pane! and 
check that no interrupts occur. 


|. Repeat the above tests (c) through (f) and individually 
force FINTE= and BINTE= tow and check that 
PRNE= is high 


hk. With computer in step. perform system reset and check 
that PRNE= 1s high when FOS= is low and that PRNE- 
goes low when FOS goes high 


\f any of the above tests fail. repair the cause of the failure 
by tracing backwords through the logic. finding the cause. 
and repiacing the defective component 


§.6 PRIORITY MEMORY ACCESS 


PMA maintenance consists of running test programs. 
treubleshooting. and making repairs. if reguired Trou 
Blesnoating 1¢ facilitated By familiarization with the 
operation of the PMA and controllers, and with tneir 
respective logic diagrams. 


The PMA. test and associated hardware tests are not part 
of this manual as they are designed for in-house testing 
only Tis section of the manual is intended for fieid- service 
troubleshooting. 


Parity Chock Pattern 


Right 


7685 6321 0 16 


00000 0 0 0 


| 


oO 
eooo0ooreoo 
oooorre-O00 
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0 
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5.6.1 Equipment 


The following is a list of recommended test equipment for 
maintaining the PMA. 


a. Oscilloscope, Tektronix $47 (ar equivalent) 


5. Multimeter, Triplett type 630 (or equivalent) 


5.6.2 Troubleshooting 


\f an error condition exists, make the failawing checks an 
the PMA and controller boards Sefore attempting dynamic 
tests. 


a. Check voltage levels to ansure that the 5.0V de power 
Supply 1s correctly adjusted. 


b. Creck cable connections and board seating. 


¢. Remove the Soards anid inspect for loose components, 
coor soider cennectians. incorrect IC locations. and 
incorrect component values. 


@ Creck jumpers for carrect connections for the mode 
wocer test. 


Cece these checks Mave been completed and the doards 
are repiaced, perform (ne fallowiwig dynamic checks. 


a After loading the test program and while the PMA is 
cantinually accessing memory at locatian 0777777, 
verify that memory addres lines MYAQQ + through 
MYAL7 + are stable 40 nanoseconds after AACKA 
goes true. and remain stable untii AACKA goes false 
(Make measurements at (Me 1.5V level). The PMA 
srould send read transters continuously from the 
above location (if the PAxx + lines are left agen) 
amen ine failowng jumpers are cannected: 

READ ta ground 
REQI= ta ground 
ACKI= ta GO= 


b. Verify that the PMAcan address ail 32K of memory. Use 
the test setup in step a and ground each PAxx + line ta 
ensure that the respective MYOxx + fines go faise. 


c. Verify that the PMA logic is initialized and the PMA 
system reset signal SYRT-P goes true when the reset 
switch an the console is pressed. SYRT-P remains low 
during the time the reset switch is pressed. 


a. Verify that the PMA logic is alsa initialized by PMA reset 
signal PMRS=. To do so. ground PMRS= and check 
that ARST= goes low (true). 


If an error candition still exists after these checks, replace 
the PMA and send the malfunctioning one back to the 
Sperry Univac test lavoratory. The PMA laboratory tester, 
IN Conjunction with the computer and PMA test program, 
will make the follawing dynamic tests: 


a. The Input Stock Test checks the ability of the PMA 
aption to transter accurately a 256-word dlock of data 
intg memory through each of the four PMA channels. 


b. The Output Stock Test checks the ability af the PMA to 
transter accurately a 2§6-word bSiock of data from 
memory through each of the four PMA channels. 


«. The Read Word/ Write Word Test checks the ability of 
the PMA to transfer accurately a dieck of data from 
memory and to repiace it in memory at the maximum 
Gata transfer rate. All four channels are tested 
sequentially. 


g. The Priority Test verifies the tatlawing: 


1. Tha PMA oriarity logic correetty assigns priority ta 
requests for data transfer. 


2. Tre PMA control logic functions corractty. 


3. The memory cycie rate is successfully synchronized 
ta a rate less (han the maximum oy reserving a 
memory cycie and delaying the memory start 
sigiial, 
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MNEMONICS 

This section contains lists of option- board signal mnemon- Niriemonic Description 

cS Immediately below are the mnemonics for the common _ 

logic. followed in the subsequent subsections by lists for OB 3 Os Ootion board common logic bit 1c 

the individual options. . QBi ls Option board common logic bit 1: 
OBlas Option board common logic bit 12 

Mnemonic Description OB13s Option board common logic bit 13 
OB14és Option board common loge bit 14 

DRYX.| \\0 bus data ready — Q815¢ Option board common logic ot 15 

EB0C1 1.0 Bus bit 00 QDRYX + Option beard common logic data ready 

E61 1Q Sus Bit O21 OFRYX+ Option board common logic function ready 

ERG | 1 © bus Bit 02 QIVAX + Option bosrd common logic-interruor ack. 

EBC3 | 1-O bus bit 03 OIEX +  Optien board common logic-interruat clock 

£604.) 1'O bus bit 04 OMSK + Oerien board common logic-interrupt jump 

E5o5.| 1'O Bus Bit 05 OMWRXs Option board common logic interrupt 

E506 | 1,0 bus bit 06 request 

EBC7: WO bus bit 07 OSYRT+ Option deard commen lagic systerr reset 

£608 | 1-0 Bus bit 08 SYRT.1 1/0 Bus system reset 

EBo9:1 1/0 bus bit 09 TRE2 + 82:5-nanosecond clock 16 ATC and TTY 

ESi01 1.0 bus bit 10 

E811 1 bus bit 11 6.1 TELETYPE CONTROLLER 

EBi2) 1-0 bus bit 312 

E13! 170 bus bit 13 Mnemonic Description 

£6141 1,O bus Bit 14 

Bele) ie uso iUAA.| Output (write) interrupt line to Pitt 

FRYX.| 1.0 bus function ready ues Input (read) interrupt line to PIM 

WAR 1/O bus interrupt acknowledgment OBOUT-. Option board common | O logic outeut 

IWCX | 1/0 bus interrupt clock driver enable R. | 

bee 1-O..OUS snterrupe jump OB00- Option boara common | © logic bit 00 

WRX | 1/0 bus interrupt request neg OB801l- Option board common | O logic bit 01 

LKS2 + Freerunning 82-nanosecond clock OB02- Option beard commen 1/0 loge Bit 02 

LKS2= Free-running 82-nanosecond clock neg O80 Option board common 1.0 logic bit 03 

MFC 165-nanoseconds full clock OB04- Option board commen 1-0 togic bit 0é 

MFCO + Memory freerunning clack OB0S= Option Board common 1/0 logic bit 05 

MFHCO + OB0E- Option board common 1.0 logic bit 06 

MRC~ 165-nanoseconds halt clock OB07- Option beara common | O logic pit 07 

MrCcO * OBlI= Option board common | OQ logic ort 11 

MOCLKs Cation board common logic clock OBI2= Option board common | O loge bit 12 

MTRC- Option board common logic clock Obi Option board common 1/0 logic Dit 13 

inout for RTC and TTY OBl4- Option beard common 1-0 logic but 14 
QBOUTA= Option board common logic receiver ODRYX+ Option board common 1/0 logic data ready 
disabler A OFRYX+ Option board common 1/0 logic function ready 


OBOUTB * Coton board common logic driver enabier B OIUAX + Qotion board common 1/0 lagic-interruot ack. 


OBOUTB= Option board common logic receiver OSYRT + ‘Option board common |/O logic system reset 
disabier 8 ; bes SERX.! Sense response 

OBOUT + Option board common logic driver enabier A TAQO+ Output of first 4-dit counter 

OBOUT= Option board common logic output driver TBOD + Outout of second 4-bit counter 
enabier 


TBREA + TC ingut character ready 


OBee- Option board common logic bit 00 TBRL= MOS transmitter load bufter 
eons al board. common: tage: Bit 0 TBOO- . internal I/O bus bit 00 

. pion Goare ‘common: logic Dir Ge TB0S- internal 1/0 bus bit 0S 
OB03: Option board cammon logic tit 03 32 ae 
08042. Option board common logic bit 04 ahaa spel iid ae cl ae thas 
OB0S: Option board common logic bit 05 ; 
OB806: Option board common logic bit 06 TCLK= MOS transmitter /receiver clock neg 
O807+ Option board common logic bit 07 TCQB + QB output of third 4-bit counter 
QO: Option board common logic bit 08 TEQC + QC outsut of thied 4-brt counter 
O809¢ Option board common logic bit 09 | TCQD + QD output of third 4-bit counter 
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4 Mnemonic Description 
TOA + Oevice address 01 detected 
TDA + Lower five bits of device address 01 
TORA + MOS receiver data ready flag rapawered FCSi2 + Sequence state 01 or 10 decoded 
TORIO + AND of OORYX *, TOTIO + FCST + Sequence state 01 decoded 
TORR= Reset data ready flag FCS2 + Sequence state 10 decoded 
TOR + MOS receiver data ready flag FCXIR + Reset FCX1 + 
TOTIO + Data-transfer flio-flog (in or aut) set gwCX1 > Least-significant sequencer flio- flop 
TOTI + Data-transter-in flip-flop pos. FCIXR + Reset FCI X + 
TOTI- Oata-transier-in flio-floo nex. FCIXSs + Set FC1X + 
TOTO +  —Oata-transter-out flia-flop pos. FCIX + Mest-significant sequencer flio-flop 
TOTO- Data-transter-cut flig-flop neg. FINTE= Interrupt priority output 
TOTWA + ANDO of TCOS +, TCAC +, TCQO + FIOAK > PE/A interrupt priority 
TEXC- internal reset enabler F100 + Interrupt resoonse flag 
TFROA+ ANO of TOA +, OFRYX + FOS PE-R one-shot 
TFROA= Inversion af TFROA ERSTo Raset PF.R sequencer 
TINZA + Internal initializer pos. repowered Q80UT= Common logic output 
T NZ Ae: intermal initializer neg. repowered OB80l- E bus ort | for interrupt address 
TINZ + Intermal initializer 9as. og0s= E bus ot 3 for interrupt address 
TN2- Internal inibalizer neg. CIN T= Internal interrupt output 
TH aXe internal nterrupt line OIURX~< interrupt request 
TJOTI + J-ngut toa data-transter-ia flio-flog OPSTRT= Start 
TIOTO + demout ta daca-transfer-out flig-flog SPF A@ PF.R aiarm from power supply 
TKIO > Clock ta data tranifer in and out flip-flops 
TLOSF QOaca-transfer-out 'oad Suffer 6.3 REAL-TIME CLOCK 
TOCRR- Neg outout of data-ready reset ane shat 
TOE * MOS rece:ver overrun error flag Sos. Mnemanie Description 
TES MOS recever overrun error flag neg. 
TI}~ MOS racaver -nout © 


AKIGS ©  163-nanosecond clock fram the memory- 


TRROO + MOS recever data bit 00 pratection logic 


TRAOI + MQS recenver data bit OT 


CCS30 + Increment-and-regiace instruction from proc, p08, 
TRAOZ > NIOS receiver data bie 02 ETR ra & xternal timing source 
TAROJ+ MOS recewer cata bit 03 ET Re External timing source return 
TAROS + = MOS receiver data bit 04 LFREC +  24V ac output from the comouter cower sussly 
TRROS + = MOS recaiver cata bit 0S LFRFC 24V ac return from the comauter sower 
TRROG + WOS receiver daca ot 06 ; supply 
TRRO7 * MOS recewer data tit 07 MILL4A]@ = Memory input fateh dit-14 from processor 
TAS + TC receiver ready neg. 
TRa2 > 82.S-nanosecand ciock from camman lagi¢ CBQUT= Enable 1/0 common logic output 
TS1S$T- internal syitem reset fram trent pane C800- Optian board common |. fogie at 00 
TTBRE » MOS transerieter ouffer register empty flag Og0l- Option board common | O logic Ort Ol 
TTSREA + MOS transmitter buffer register emorty flag reowr O802< Cotion board commen 1 O logic bit 02 
TTOS8O + Oaca-transter-cut Huffer register bit 0 GBO3- Cption soard cammen ! O logic at 9 
TTO81 + Qata-transter-out cuffer register bit 7 Ogoa- Option board common | 0 logic ot 24 
TTOB2 + Oata-cranster-our tulfer register bit 2 QB0s= Option board commen | O ‘ogic ot 95 
TTOS3 + Oara-cranster-out tulfer register dic 3 O806= Option Seard common | O logic bit 9 
TTO84 + Oata-transtar-ouc buffer register bit 4 CBO7= Option board common | O logic ait 97 
TTOSS + Oata-transter-out ouffer register ore § Og0a= Option board common !.0 lagic ot 23 
TTO8G* Oata-transter-our tutfer register bit 6 QB0% Option beard commen | O loge bit 99 
TTOB7 + Oata-transter-out tiuffer register bit 7 OB LO- Optian board commen 1:0 logic Bit 10 
TTROA + MOS transemerer autour cos. recowered OB8LI- Option beard cammon [.0 loge bit LL 
TTRO + MOS transmitter sarial outout pas. OB 12= Option board common 1/0 logic bit 12 
TTRO~ MOS transmitter output eg. OBL Option beard common |. logic bit 13 
TTR + Transrmuictar or reecsiver ready sense line 08 la Option board cammon |:0 logic bit 14 
TTS + Qutout ready sense ressanse Osis Optien board common 1:0 logic but 15 
TTWR * 2XMOS trarsmittar/receiver clack QOQORYX + Aotion board commoan !/O logic data ready 
TTYR © Teletvoe intertace in pas. QFRYX + Ootion board commen 1/0 lagic function ready 
TT Ae Tetetype intertace in nag. OMAX » Cation board commen 1/0 lagie interruct ack. 
TTYT + Teletype interface out pas. QIUCX * = Option board cammon 1/0 lagic interruat clack 
tty t- Taletyae interface out neg. QIusxX + Qotion board camman 1/0 lagic interruat jump 
trYCLR= Vatetype intertace current loop return OlURX= Common iogic interrupt request meg. 
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Mnemonic 


OSV RAT + 
PERTC 


PRRTCO- 
RESS3 
RBSO4~ 
Reta + 
RBO1 + 
RBO2 + 
ABNS + 
RCA + 
TR82 + 
RCB + 
RCC + 
RCLK + 
RCS + 
FCI28 + 
RQOAS7 + 
RGAS7~ 
ROOTI + 
ROeT 
RORY= 
ROTIA + 
ROT! + 
RO Tie 
ROTO + 
ROTO= 
REDS 


REMT + 
RETR + 
RETRe 
REXCE= 
REX00- 
REX9l= 
REXQ2= 
REXO3- 
REXQ4= 
RE X05 
REX 36= 
RFEIP + 
RFMNe@ 
RFRCK + 
RFRCK + 


RFRCK= 


RFREN + 
RFRY + 
RFRY= 
RE ROO + 
REROQI + 
RFROle 
RFERO? + 
RFRO2- 
RF ROS + 
RFROG + 
RF ROS + 
RFROS 
RF ROG + 
RFRO7 + 


Description 


Option board common !/O lagic system reset 
Priority:in input from a higher-priority 
eontroller 

Priority-out to a lower-priority controlier 
Inverted source of O80 

Inverted source of OBO4= 

Interval memory ingut-lateh bit 14 pos. 


Interrupt address or free-running counter bit 1 pos. 
Interruet address or free-running counter bit 2 pas. 
Interrupt address of free-running counter bit 5 pos. 
Output of first stage of the variabie-interval counter 


82.5-nenosecond clock fram corimon logic 


Output of second stage of the verisbie-interval counter 
Outsut of third stage of the variabie- interval counter 


Internal 12 MH2 cieck 

Outsut of first-gragrammed counter 
Qutour of second programmed counter 
Device address 047 decoded ses. 

Device address 047 decoded neg 
Oata-transter-in flip-fiep input 

ROT! thp-tlop preset 

inversion of OORYX 

Oata-transfer-in flip-flop pos. repowered 
Data-transter-in fiio-fiop pes. 
Data-transter-in flip-tlop neg 
Data-transfer-out flip-flop pos. 
Data-transfer-out fhp-flop neg. 

Preset memory overfiow test enabier 
fig flap neg 

Memory overtiow test flie-fiep enebdier pos. 
Internai/external timing source pos. 
Internalvexternai timing source neg 
Enable EXC instruction decoder 

EXC instruction decoder - 
EXC instruction decoder - 
EXC instruction decoder - 
EXC instruction decoder 
EXC instruction decoder - 
EXC instruction decoder - 
EXC instruction decoder - 
Clack RMEFL flip-flop 
Execute mermory-overtiow interrupt neg 
Free-running counter clock 

Input to freerunning counter from frequency 
selection circuit 

Inout to free-running counter from 
trequency sefection circuit neg 

Preset term to RKFCL flio-flog 

Invernal ATC function-resdy pos. 

Internal RTC function-ready neg. 
Free-running counter output bit 00 pos. 
Free-running counter output bit OT pos. 
Free-running counter output bit O1 neg. 
Freerunning counter cutout bit 02 pos. 
free-running counter output bit 02 neg. 
Freerunning counter output bit 03 pos. 
Freerunning counter output bit 04 pos. 
Free-running counter output bit 05 pos. 
Free-running counter output bit 05 neg. 
Freerunning counter output bit 06 pos. 
Free-running counter output bit 07 pos. 


wr WN Oo 


Mnemonic 


REROS + 
RE ROS + 
RFAIG + 
ABATT + 
AERI2 + 
RFRIZ + 
RERI4 + 
RERT§ + 


RICCL= 


RIN T= 

RIROQQ- 
RIRQl= 
RIRQ2= 
RIRQ3= 
RIRQ4= 
RIRQS= 
RIROEG 
RIRQ7= 
RIRQE= 
RIROG 
RIR1O= 
RISTBe 


RIVA + 
RIV Are 
RRIUC + 
Rid + 
RIM > 
RJM 
RKFEL 
RKFRY= 
RKMFI + 
RKEVIC + 
RK VEIT + 
RKIOK + 
RKGEO + 
RK GG0= 
RLF + 
RL P= 
RLVIC@ 


RMFI + 
RMF i= 
RMFL + 
RMFL= 
AMOE + 
RMTFF + 
ROUT + 
RPOTO- 
RPRM + 
RPVIE= 
RRME= 
RRRM T= 
RRST + 
RRST= 
RRVIE= 
RSYRT= 
RTC- 
RTINT + 
RTINT= 


MNEMONICS 


Oeseription 


Freerunning counter output bit 08 pos. 
Free-running counter output bit 09 pos. 
Freerunning counter output dit 10 pos. 
Free-running counter output bit 11 pos. 
Free-running counter output bit 12 pos. 
Free-running counter output bit 13 pes. 
Freerunning counter output Dit 14 pos. 
Freerunning counter Output bit 15 pos. 
Output flip-flop following variable ciock 
source neg. 

RTC executing interrupt neg. 
interval-selection register Output Dit OO neg 
interval-selection register output o:t Ol neg 
Interval-selection register output bit 02 neg 
interval-selection register output bit 03 neg. 
interval-selection register output bit O42 neg 
Interval-selection register Output dit OS neg. 
Interval-selection register output bit 06 neg. 
interval-selection register output bit 07 neg 
Interval-seleetion. register Output bit 08 neg. 
Interval-selection register output bit 09 neg 
Interval-selection register output bit 10 neg 
Variabte interval interrupt to interrupt: 
generation logic 

Internal ATC inverrust acknowledgment pos. 


- Internal RTC interrupt acknowledgment neg 


Ineernel ATC inverrupt clock 

Inrernal RTC inverrupt jumo 

Enable incernal ATC interruet jumoe 
interna! RTC interrupt jump jumper 
Free-running counter clock 

Clock data-transfer flip-flops 

Keinput to memory overtiow interruar flip- flea 
Veriable-interval-counter ciock 
Veriableinterval-interruat fiipeflep clock 
Clack 10 KHz flip-fies 

660-nanosecond freerunning clock pos. 
660-nanasecond free-running clock neg 
Internal line frequency source pos. 
Internal line frequency source meg 
Load variabie-interval counter meg true to 
lead 

Mermory-overtiow-interrupt flip-flog «2s. 
Memory-overtiow-interrupt flip-flop seg 
Memory overtiow latch flio-flop pos. 
Memory overtiow latch flip-flop pas. 
Memory overtiow enabiing flio-floo 
Memory overflow test flio-flog pos. 
Output data to 1/0 common logic pos. 
Preset data-transter-out flip-flop 
Interns! RTC oriarity-in line 

Preset varible-interval-interrupt flip-flop 
Reset memory-overtlow-enabier flip-flop 
RMTFF flip-flop reset 

Reset RTC pos. 

Reset RTC neg. 

Reset varible-interval.interrupt flip-flop 
Inversion of OSYRT 

REMT and RMTFF flio-flops clock 
Enavie interrupt request 90s. 

Enable interrupt request neg 


6-3 


MNEMONICS 


Mnemonic 


RTRST= 
RTRSTR- 
RVCOO + 
RVCOO= 


RAVCOl + 
AVCO2 + 
AVCO3 + 
RVCO4 + 
Rvs + 
AVCOG + 
FVCO7 + 
FvCOSs + 
FVCOS + 
FIVC1O + 
FIVCTI + 
FIVICK * 
FIVICK » 
AVICLE » 
BIC LE 
RAVICT © 
AVIE > 
Pt) eile 


RVIL & 
* ani 
AVI» 


FIQOK eH = 
fA 
R20KH + 

2iA pee 


Description 


Reset clock-control lagie 

Reset control logic neg. 

Output of variabieintarval counter bit 00 ses, 
Output of variable nterval counter bit CO 
neg. 

Output of variadleintervel counter bit OT pos, 
Outsut of variaaleincerval counter bit 02 pes. 
Output of varianleinterval counter bit 03 sos. 
Qutout of variabie-interval counter bit 04 pos. 
Qutout of variadleinterval counter bit 05 cas. 
Qutaut of varianie-interval counter bit 06 pos. 
Output of variableinterval counter bit 07 pos. 
Output of variable-interval counter bit 08 pes. 
Qutourc of variablernnterval counter bit 09 pes, 
Quisut of varianiernterval counter bit 10 pas. 
Outsut of varrablenterval counter Sit 17 sas. 
Variable nterval-counter clock 
Variableinterval-clock source 

Enable variable nterval load flip-flog pos. 
Enaote variable interval load thy flop neg. 
ANO of RCA * RCS - RCC + 

Enable variabie-.nterval-interruat flip-flag 
Variable nterval-interrupt flip-flop interrupt 
request meg. 

Variablewnterval-interrugt iaten fligo-flog oes. 
Varableinterval.interrupt laten flo tap neg. 
Varablesnterval-interruat flig-flep interrupt 
reQuest 00s. 

10 Kz fliefles pos. 

10 Kriz flip-tlag neg. 

20 KHz flig-tleg oes. 

20 KHZ fiip-flag neg. 


6.4 MEMORY PROTECTION 


Mnemoame 


3aDl- 
3A00F + 
3-C .WT- 
3eR- 
SAeST + 
BAFTT + 
Sayer 
3.45T- 
30I1EN * 
JOIENA & 
SENWP + 
BFAQ + 
BIANN * 
BIERS + 
3IER + 
SINIO= 
OINPT 
BINAS + 
BINTA « 


SINTE- 
gIOS + 
BIWENS + 
JENS 
3! EN= 
BK CIE + 


Oescription 


Jump error flag 

Overflow error flag 

Write error flag 

Jump. awrite. or cvertlaw error 

Processor memory request flio-fap 

First clack Oe@riad of oracessor memory cycie 
Address error ftag 

Mernary orctection -aset 

Enable memory orotection onta E-bus 
Repowered BCIEN » 

Address error flag 

Memory oratection 1/O address decocer 
Memory protectian memory address register 
Set term for BIER 

1/0 of Ralt instrucnan error Hag 

1.0 instruction error tag 

Delayed addressing error flag 

Interrugt resoonse flag 

Enaple common logic €-ous interruot response 
Quraut 

Memory srotect interrupt orianty cutputl 
Set term for GINIO- 

Jump-and-mark flag iat 

Jump and mark Nag reset 

Jump-and mark flag 

BMWEN © clack 


Mnemomic 


BKIAR= 
BK) Ac 
BKIER= 
BKISA= © 
SKIS& + 
SKLOL + 
BKMWA + 
BKMWE + 
BMPEN + 
BMANN + 
BMRQY= 
BMWAA@ 
8MWAG= 
BMWEL= 


BMWEN + 
BNIWEU= 


BMWL > 
BNPTR= 
BPMA > 
3RST= 
B8SPRO + 
CASCIOE + 
CIORLT + 
Ciciid = 
GICJMK + 
CINMPCe 
OJUMP + 
IA > 
MCRAB + 
MECO + 
MIMCT + 
“ASI Ae 
MTM1tl * 
MWLY + 
MY ANN * 
SSNN= 
T80UT- 
ON T= 
QlURX= 
WWRY + 


Description 


Instruction address register clock 
BANPT : 
Addressing-error flag clock 

BIER 

Memory-protection clock 

BPMA + clock 

BMWAES- and BMWAA:‘ clock 

BOIEN * clack 

Memory protection enabled flip-flap 
Memary mask register 

Memory request 

Mask register write address O:t A 

Mask register write address Sit 3 

Enable mask register lower adcresses tor 
writing 

Enable !/O for writing 

Enable mask register upper addresses for 
writing 

Select !ower mask register addresses for writing 
Address-error flag reset 

Memory transfer to instruction register 1 flag 
Reset memory protection 

Memory segment protected 

Enable instruction decoder 

(Jecede halt instruction 

Qeeade 1/0 instruction 

ecede jump and mark instruction 

Execution instruction flag 

Processor jurna instruction execution 
Interrupt acknowiedgment 

Processor memory request 

Memary freeeunning clock 

Processor writewnta-mmemoary status flag 
Memory strobe comciete 

Enabie memory transfer ta instruction register 1 
Write inte memory ‘eft cyte 

Memory address bus 

Common logie E Sus 

Enable common logic E bus output 
Memory grotection internal interrupt 
Memory arctection interrupt requast 

Write inte memory right byte 


6.5 MEMORY PARITY 


Manemonie 


3FAQ + 
BINTE + 
aRST= 
EAOxs= 
EENS > 
EINL + 


EINR » 


E:INTR- 
EINT + 
EINE + 
E:O0S + 
B190 + 


Oeseription 


Oevice address decoder 

Memory protection interrupt active 
System reset repowered 
Parity-interrupt address drivers 
Enaole parity-interruot flip-flop 

Ninth bit into parity checker/generator 
(left byte) 

Ninth bit inte parity checker/generator 
(night byte) 

Enable parity: interruot sequencer 
Paritynterruat flio-flap 

Enante parity-griority out 

Parity interruat cycie 

Parity-error interrupt flig-flag 


Mrnomonic 


EIUX1] + 
EKENB 
EKROO- 
EKRD= 
ENTRi= 
EROL + 
EROR + 
EREAO + 
ERERR= 
ERER + 
ERERS + 
EWLPR + 
EWRPR + 
EWTL + 
EWTR + 
FINTE=} 
FOS= 
MAKQ = 
MWLY 
MVWRY + 
MY Oxx 
OBOUT- 


OBxx= 
QFRYX + 


' OUJAX + © 


OIICX = 
OIUR X= 
PRNE= 

YONM + 


Description 


Enable parity interrupt 

Enable parity interrupt flip-flop clock 
Delayed parity-error flip-flop clock 
Parity-error flip-flop clock 

Parity option disabled by jumper 
Parity check (left byte) 

Parity check (right byte) 

Enable parity-error flip-fiep clock 
Parity-error flip-flop direct reset 
Parity-error fthio-flop 

Parity-error tho-flop set 

Parity error left byte 

Parity error right byte 

Input parity left byte 

Input parity mght byte 

Power failure active 

Power-faiure one-shot 

Memory cycle for PMA 

Memory lett byte input 

Memory right byte input 

Memory data-bus bits 

Option board cornmon 1/0 logic output 
Griver enabier 

1/0 Bus bit 

Interrupt address clock 

interrupt cycle 

Interrupt clock 

Parity interrupt request 

Parity priority aut 

Memory acknowledgment 


6.6 PRIORITY MEMORY ACCESS 


Mnemonic 


AAxxr~ 
ABxxS + 
ACK 
ACKEN 
ACK J 
ACKx 
ACK:S 
ACOMP 
ADON 
AOFx 
AQxS 
AQxx 
AQxxl + 
ADxxt= 
AQxsS 
AGO 
AGOL 
AGOLS 
AGOS 
AHSM 
AKEN 
AKENR 
AKMQ 
- AK165 
AK4i 
AK82 


Deseription 


PMA address-buffer bit xx 

PMA address-buffer bit xx (receiver output) 
PMA OR gate 

Acknowledgment clock enabled 
PMA jumper 

Channe! x acknowledgment 
Channel x acknowledgment set 
Cornpatible mode selected 

Memory cycle completed repowered 
Data-sequencer bit x 

Data sequencer bit x set 

PMA data-buffer bit xx 

PMA data-butfer bit xx 

PMA data-buffer bit xx repowered 
Memory data-butfer bit xx (receiver output) 
PMA-bus GO delayed and converted 
GO-latch flip-flop 

GO-laten flip-flop set 

GO pulse set 

Not used 

Acknowledgment enabled 
Acknowledgment enabled reset 
Memory data-butter clock 
Free-running 165-nanosecond clock 
Free-running 4i-nanosecond clock 
Free-running 82-nanasecond clock 


fAnemonic 


AMOC! 
AMOCx 
AMOEN 
AMF 
AMIA1 
AMIA2 
AMIE] 
AMIE2 
AMIS 
APOEN 
APRIx 


MNEMONICS 


Description 


Memory-sequencer idie 
Memory-sequencer state x 
Memory data-bus enabied 
Memory-sequencer bit-x flip-flop 
Memory-sequencer bit 1 OR set 
Memory-sequencer bit 1 OR set 
Memory-sequencer bit 1 ANO set 
Memory-sequencer bit 1 ANO set 
Memory-sequencer bit | set 

PMA gata-bus enadied 

Bit-x priority gate 
Request-sequencer decoder idie 
Memory-sequencer output flio-fico 
Request-sequencer bit x 
82-nanosecond request flip-flop 
82-nanosecond request flip fies set 
Request present 

Request flip-flop ANO reset 
82-nanesecond request flip-flop reset 
Request bit-x flip-flop 

Request bit-x (recewer output) 
PMA reset 

PMA reset (receiver cutout) 
Countdown-eounter Bit 1 set 
Countdown-counter bit x 
Request-sequencer bits 1. 2. and 3 OR reset 
Request-sequencer bit-x flip-flop reset 
Request-sequencer bit-x flio-fles set 
Start fho-flop (Ret used) 

Countdown completed 

Start PMA controllers (not used) 
Data-butfer Bit xx 
Power-failure/restart active 

PMA centroller acknowledgment 

PMA controller acknowledgment (recever 
Gutput) 

GOA+ delayed 30 nanoseconds 

PMA continuous-request to memory 
PMA continuous request inverted 

PMA continuous-request (rece'ver outpul) 
Corman. logic 82-manmasecand ciock 
Mernory-priarity acknowledgment 
Memory free-running ctock 

PMA to HOG memory if PF/R inactive 
Cornmon-logic free-running clock 
Memory-port priority request 
Merory-bus read/write left byte 
Memory-bus read/write right byte 
Memory-address bit xx 

Mernory data-bus bit xx 
Common-logie 165-nanosecond clock 
165-nanosecond request flip-flop 
PMA-bus address bit xx 

PMA-bus data bit xx 

PMA-controller to reset PMA 
PMA-bus output 

PMA-bus output (recerver output) 
PMA request x 

PMA-bus start (not used) 

PMA-bus reset (controller cleared) 
Memory cycie completed , 


65 


